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CORRIGENDA. 



p. I q>r VAN RYN'S DORP ri?a</ VAN RHYN'S DORP, 

p. 45 for " It is evident, therefore, that the conglomerate of Hope 
Town, Prieska and Calvinia is the same rock as the typical Dwjka 
Conglomerate hardened, and to some extent sheared, by the earth 
movements . . . ." 

read. 

''It IS evident, therefore, that the conglomerate of Hope Town, 
Prieska and Calvinia is the same rock as the typical Dwyka Con- 
glomerate, but the latter has been hardened, and to some extent 
sheared, by the earth movements . . . ." 
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EEPOKT OF THE GEOLOGICAL COMMISSION 
FOR 1900. 



CHAIRMAN'S LETTER. 

The Hon. 

The Secretary for Agriculture. 

Sir, — I have the honour to forward herewith the 
Report of the Geological Commission for 1900 

During the whole of that period war and rebellion 
have raged in South Africa, throwing all scientific as 
well as other work completely out of gear. 

The main geological work of the year lay in the dis- 
tricts on the extreme west of the Karroo, including the 
Cederbergen and part of the country between these 
mountains and the sea. 

It is not a region where travelling is particularly easy 
at any time, and during the past year there was more 
than usual difficulty in securing means of transport. 
The result, unfortunately, was that a smaller area was 
mapped by the Assistant Geologists than would in other 
localities, and normal circumstances, have been possible. 

The results of the year's work form valuable additions 
to our knowledge of the relationship of the Dwyka 
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Conglomerate to the underlying older rocks, and a 
summary of the main features has been provided by the 
Director. 

The staff employed on the survey remains the same as 
during 1899, but, in the beginning of Icist year, the 
Commission appointed Dr. Corstorphine to the title, as 
well as position, of Director of the survey. 

I have the honour to be, 
Sir, 
Your obedient Servant, 

(Signed) JOHN X. MERRIMAN,. 

Chairman. 



• J 
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GEOLOGICAL SURVEY 

OF THE 

COLONY ^ OF THE CAPE OF GOOD HOPE 



Director's Report for 1900. 



In the early weeks of 1900 we were sanguine enough 
to believe that it would be possible, after a comparatively 
short interruption, to resume the mapping of the 
northern districts of the Colony, in continuation of the 
main work of the previous year in the Orange River 
Valley. Accordingly it was decided that, until such time 
as the enemy was driven from the north, the Assistant 
Geologists should visit some peaceful area in which a 
few weeks could be profitably spent in a preliminary 
geological reconnaissance. 

The Valleys of the Zwartkop's and Sunday's Rivers 
were chosen, since the Mesozoic rocks, made known by 
former writers under such names as **The Sunday's River 
Beds," " The Enon Conglomerate," or the '*The Uiten- 
hage Series," are there well exposed and, at the same 
time, confined to a comparatively limited area. We 
had become familiar, throughout the south-western dis- 
tricts of the Colony, with one at least of the sub-divisions 
of the series, — ** The Enon Conglomerate" — and it was 
therefore desirable that some knowledge should be 
obtained of the series as a whole, and of this particular 
sub-division, in the locality whence its name was origi- 
nally derived. 

Altogether some six weeks were spent by the Assistant 
Geologists in the Port Elizabeth and Uitenhage Divi- 
sions, and, though this period was too short for more 
than purely preliminary work, the report of Messrs. 
Rogers and bchwarz (given in Appendix I) will show 
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that results of considerable interest and of value as a 
basis for future mapping were obtained. 

I he work was chiefly carried on in the following 
localities . — 

1. The Zwartkop*s River valley from Uitenhage sea- 

wards ; 

2. The Bezuidenhout's River valley from Blaauw 

Krantz to the Sunday's River ; 

3. The Witte River valley from Enon to the Sunday's 

River ; 

4. The Sunday's River valley between Dunbrodie and 

Addo Station. 

In the first-named locality, especially, much was done 
in collecting the abundant fossils characteristic of the 
formation. Special mention may be made here of the 
discovery by Mr. Schwarz of the almost complete remains 
•of what may be a new fossil reptile, and is certainly one 
belonging to a type not previously recorded from this 
part of the world — namely, a marine swimming reptile 
of Mesozoic age. Former finds of reptilian remains 
recorded from the Uitenhage Series were of the most 
scanty character, being limited to a small serrated tooth 
from the '* Wood-Bed," and a small and imperfect 
femur from the Zwartkop River Heights. (') 

From the sections exposed in the several localities 
which Messrs. Rogers and Schwarz visited, it is apparent 
that there is no valid classification of the Uitenhage 
Series at present possible for the entire area, nor even 
for any considerable extent of it. Before a consistent 
classification of the deposits can be given, and still more 
before any satisfactory correlation of those occurring 
in separate areas can be made, systematic mapping will 
of course be necessary. In the description of the aieas 
visited by the Assistant Geologists, the classification and 
names introduced by either W. G. Atherstone or K. 'i ate, 
and generally adopted by subsequent writeis, have been 
retained. 

(1) Kalph Tate **On some secondary fossils frcm South Africa," 
<J. J. G. S., xxiii, 1867, p. 164. 
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The stratigraphical relations of the Uitenhage Series in 
the Eastern Province are identical with those described in 
previous reports as obtaining in the south-west of the 
Colony. The base of the series — generally the Enon 
Conglomerate — lies unconformably on one or other ot 
the older formations, and the top of the series is overlain 
by recent deposits only. In the areas visited during 
1900 the Uitenhage Series is found directly underlain by 
the Table Mountain Sandstone, the Bokkeveld Beds, the 
Witteberg Beds, or the Dwyka Conglomerate. In the 
south-western districts, the Enon Conglomerate, as 
described in the report for 1898, is found, around 
Worcester, resting unconformably on beds of Ecca sand- 
stone and shale, so that in the west, the gap beneath the 
conglomerate is, in places at least, somewhat less than 
in the east 

At present — and it may well be that there is no such 
locality on the existing land area of South Africa — no 
place is known where a continuous and conformable 
succession from underlying older rocks up to the Uiten- 
hage Series can be seen. H rom the fossil remains the rocks 
have, however, invariably been determinea as younger 
than any of the great series of sandstones or shales 
which occur throughout the Karroo — younger even than 
the beds of the Stormberg. Since these inland beds are 
all fresh-water, there is always, especially in our present 
state of imperfect knowledge, the possibility that the 
southern Uitenhage Beds are the marine contemporaries 
of certain of the Karroo rocks. 

Even were such the case however the Uitenhage 
Series would have to be assigned to a position not earlier 
than the close of Jurassic times. 

Actual correlation of the Uitenhage B^ds with the 
Mesozoic rocks of Europe and India has frequently been 
made, but ihe balance of opinion remains uncertain, 
though the most recent discussion (^) supports the 
criginal view that the rocks are of Cretaceous age rather 
than the subsequent, if now more prevalent opinion, that 
they are Jurassic The settlement of the question will 

(^) R. B. Newton. The upper cretaceous strata of Sofala, Journ. of 
Conchology, viii. Leeds, 1896. 
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come when more extensive collections of the fossils have- 
been made and the necessary comparisons instituted. 

So far as the local features are concerned there is no- 
vagueness as to the position of the beds relatively to any 
of the older formations throughout the region, and con- 
sequently one may contentedly leave the larger question 
for future discussion. Some reference has been made to it. 
by Messrs. Rogers and Schwarz in Appendix I (see pp. 
16-17). 

When the Uitenhage trip was over, and its results to 
some extent recorded, the condition of the northern 
portion of the country was no more favourable for the 
work of the geological survey than before. We abandoned 
therefore the idea of resuming the mapping of the 
Orange River valley, and decided to resort rather to the 
north-western Divisions of Calvinia, Clanwilliam, and 
Van Rhyn's Dorp, and so continue northwards the work 
carried out during the earlier years of the survey. 

Unfortunately much of the area concerned is only to be 
traversed with more than ordinary trouble, and, to add 
to the natural difficulty, during the entire periodi 
throughout which the Assistant Geologists were in the 
field, transport, other than by means of our own wagon, 
was unobtainable. The result was that large areas, 
lying beyond the limits of a day's work on foot from the 
roads, could not be visited, and some of the localities to 
which it was especially desired to direct attention had to 
remain unseen. 

The work which was carried out from April to 
December inclusive is described in Appendices II, III 
and IV, viz. : — 

Report on parts of the Clanwilliam, Van Rhyn's- 

Dorp, and Calvinia Divisions. 
A geological route survey from Beaufort West to 

Calvinia. 
Report on the Cederbergen and adjoining country. 

Throughout the various areas indicated in these 
reports the mapping was mainly of exposures of the 
several geological formations — more especially the older 
series — described in former reports. 
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Apart from limited local occurrences of structural or 
other interest, the outstanding features made known by 
the year's work may be summed up as follows : — 

1. The presence in the north-eastern part of the Van 

Rhyn's Dorp Division of a hitherto unrecognised 
formation, between the Malmesbury Beds and the 
Table Mountain Sandstone. For immediate con- 
venience, Messrs. Rogers and Schwarz have, in 
the sequel, referred to these beds as the ^*Ibiquas 
Series.^' 

2. The discovery, in the Table Mountain Sandstone 

of the Pakhuis Pass, of undoubted evidence of 
local glacial action contemporaneous with the 
deposition of the sandstone. 

3. The change northwards from a conformable to an 

unconformable junction beneath the Dwyka Con- 
glomerate, and the gradual increase in the extent 
of the uncomformity in the same direction. 

4. The exposure, in nearly all the older series, of 

basic dykes and sheets of the. >ame type as those 
intrusive in the younger rocks of the central Karroo. * 

The value of these additions to our knowledge of the 
geology of the country may be briefly indicated. 

I. The '*Ibiquas Series.'' 

The introduction of a new term into the already 
crowded and confused nomenclature of South African 
geology is an act for which necessity is the only justifi- 
cation. In the description given by Messrs. Rogers and 
Schwarz (Appendix II., p. 25, ei seq.) of a hitherto un- 
recognised series of slates, conglomerates and other 
sediments, there will, I trust, be found that justification. 
At present it would be premature to try to estimate the 
validity of the series, nor is any attempt made here to 
weigh its relative value with that of other sub-divisions 
hitherto adopted. We have tried to make as few 
changes as possible in the best known nomenclatures, 
aiming rather at giving definiteness to the sub-divisions 
which had already been made before the survey began, 
until such time as a definite review of a considerable 
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portion of the geological history of the region would be 
rendered possible in the light of our new knowledge. 
Till such time, therefore, the new term " Ibiquais Series " 
will serve a useful purpose in defining certain interesting 
beds, and it may be that, when a more comprehensive 
discussion is possible, it will retain the place now 
assigned to it. 

The important fact is that in the Van Rhyn's Dorp 
division there are two recognisable sets of sedimentary 
rocks underlying the Table Mountain Sandstone — one, 
the lowest, comprising the slates, &c., for which we have 
retained the name Malmesbury Beds ; and the second, a 
series of slates, sandstones and conglomerates, bearing 
characters different from the former, lying above it, and 
now for the first time distinguished. 

One striking feature of the Ibiquas Sandstone is the 
presence, along with ripple-marks, of definite tracks of 
animals on the surface of many beds (See p. 26.) 
Hitherto the investigations to which all rocks beneath 
the Bokkeveld Beds have been subjected, have been 
singularly barren in the matter of obtaining evidence of 
the existence of life in the waters in which the deposits 
were laid down Up to the present one solitary piece of 
quartzite, from the Table Mountain Sandstone of the 
southern summit of the Zwartberg Pass, showing some 
worm-tubes, is the entire record. The discovery of still 
older, and more numerous if also somewhat ambiguous, 
traces of past life possesses therefore no little interest or 
value. Unfortunately the beds which contained the 
fossil markings, described by Messrs. Rogers and 
Schwarz, were too massive to be transported. But it is 
at least stimulating to know that the hunt for distinctive 
fossils in the oldest sediments is likely to reap its reward. 

Further there appears reason to expect that the Van 
Rhyn's Dorp rocks will throw some light on the true 
position of the Cango Conglomerate and associated 
rocks hitherto described as doubtful. The presence of 
granite boulders in the latter finds a parallel in the con- 
glomerates of the Ibiquas Series. Though the evidence 
is by no means complete, it appears as if the answer to 
the question of the position of the Cango Conglomerate 
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will be that it is not contemporaneous with the Malmes- 
bury Beds but younger than these (see Report 1898, 
pp. 9-13), and one is tempted to suggest that it will prove 
to be a correlative of the north-western Ibiquas Beds. 

Obviously the discovery, within such a comparatively 
short distance as Van Khyn's Dorp, of a new series of 
ancient rocks, partially filling the great gap which else- 
where prevails between the Malmesbury Slates and the- 
Table Mountain Sandstone, is an indication of possibili- 
ties which future work will, doubtless, convert into 
actualities. So far as the survey has gone we have been 
careful to make plain that our facts are always incom- 
plete, referring only to areas actually surveyed, and we 
have therefore tried to resist the temptation to draw any 
inferences which the facts do not reasonably warrant. 

The history of South African Geology is full of in- 
stances of sweeping generalisations on most imperfect 
data, and not a few distinguished geological writers have 
found their way into the snare. Our experience con- 
strains us to caution, and the futility of schemes of 
correlation of the formations of this Colony with those of 
the northern territories is more than apparent, where 
year after year new facts remain for the worker, even in 
those regions which might reasonably be held to be 
sufficiently known to exclude any possibility of the 
existence of an unnoted link in the geological chain. 
The time for correlation will duly arrive, and in the 
meantime it is a pity that mere working hypotheses, or 
tempting probabilities, should be put forth as having 
even the elements of a permanent view of the case. 

2. A glacial deposit interbedded in the Table Mountain 
Sandstone of the Pakhuis Pass. 

The discovery of glacially striated stones in the upper 
shale-band of the Table Mountain Standstone Series at 
Pakhuis, was made by Mr. Rogers on the second crossing 
of the Pass. There can be no doubt as to the nature of 
the markings on the stones, which were extracted from 
the rock in situ, and portions of the conglomerate bear 
the closest resemblance to the Dwyka in essential glacial 
characters. Indeed, this resemblance combined with the 
unexpectedness of the discovery impressed both Mr. 
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Rogers and Mr. Schwarz with the necessity for very 
careful examinat on of the stratigraphical position of the 
shale-band, in order that all possibility of its being other 
than a portion of the Table Mountain Series might be 
excluded. The observations recorded (Appendix III., 
pp. 78-79) b> the Assistant Geologists are, I think, con- 
vincing enough as to the real position of the band of 
-conglomeratic mud-stone which has yielded this new 
evidence. There can be no hesitation in accepting the 
glacially marked stones as having been deposited con- 
temporaneously with the shale-band, nor in viewing the 
latter as an integral portion of the Table Mountain Series, 
and not a portion of the Dwyka forced by folding into an 
anomalous position. 

The distinct indication of a hitherto unknown glacial 
epoch in the ancient history of the region is a fact which 
will have no small bearing on future investigation, for it 
would be strange indeed if Pakhuis Pass is the only 
locality where the evidence exists. There has been on 
the part of many European and other geologists great 
hesitation in admitting the validity of various supposed 
evidences of Palaeozoic ice-action, and it seems not un- 
likely that proof of the reality of some of the oldest of 
these uiay come from Africa. ''Aliquid semper novi" 
is wonderfully true of South African geology. 

The shale-band with its glacial evidence, being a 
portion of the great quartzite series, lying immediately 
and conformably beneath the fossiliferous Bokkeveld 
Beds, belongs probably to early Devonian times, and it 
is interesting to recall that among the old Red Sandstone 
Conglomerates of Scotland, boulders showing evidence 
of glacial grinding have been collected. 

The occurrence of glacial conditions in some portion 
of the South African area during the deposition of ihe 
Table Mountain Sandstone, coincides with the existence 
of the earliest land surface so far definitely made out in 
the region, for, as I pointed out in the report for 1897, 
we know nothing of the land area whence were derived 
the ancient sands and silts which we now recognise as 
the Malmesbury Beds. It was the elevation of the latter 
which formed the land whose denudation produced the 
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■material for the subsequent Table Mountain quartzite 
among which the glacial material has found a resting 
place, and it was doubtless a remnant of that land- 
surface whence were carried the ice-scratched stones. 
'I he fact is noteworthy that glacial action should have 
played a conspicuous part on each of the two most 
ancient land areas which still remain definitely revealed 
to us in the geological record of this Cape of Good 
Hope. 

3. The change from conformity to unconformity be- 
neath the Dwyka Conglomerate. 

In the discussion of the northern *' Glacial Conglo- 
merate," and its connection and relation with the Dwyka 
Conglomerate, given in the report for 189 j, emphasis 
was laid on the unconformable relation ot the northern 
rock, and the conformable passage of the southern rock, 
tc those beneath. The areas visited by the Assistant 
Geologists in 1900 have yielded confirmatory evidence 
to all that was set forth as deducible from the facts known 
up to 1899. 

Followed northwards from the Ceres Division, the 
different formations underlying the Dwyka Conglomerate 
successively disappear, till the conglomerate, instead of 
resting conformably on the Witteberg Beds, is found 
lying unconformably on the oldest rocks we know here 
— the Malmesbury Beds. It was somewhat of a dis- 
appointment that the great difficulty in procuring trans- 
port rendered it impossible for the Assistant Geologists 
to visit the probable spot where the unconformity bf^gins. 
{See p. 40, Appendix II. ) The evidence obtained is, 
however, satisfactory and convincing as to the unity ot 
the norihern and southern outcrops, and the unconformity 
underlying the glacial conglomerate on the north is. as 
I pointed out in the report for 1899. n-^ reason for 
making any stratigraphical separation between the two 
conglomerates. Altogether the additional facts collected 
regarding the relationship of these wonderful conglo- 
merates to their surroundings are in perfect accord with 
the view put forward in the report of last year. 

The evidence obtained in 1900 all points to the land- 
surface beneath the glacial conglomerate having under- 
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gone very prolonged denudation before the conglomerate 
came into existence, and hence it may be difficult unless 
definite fossil evidence is subsequently obtainable, to 
make any exact correlation of the unknown beds under- 
lying, or older than, the conglomerate at different 
localities. So far, at least, no light has been thrown on 
the position of thi* Pre-Dwyka rocks of Prieska and else- 
where on the north, with reference to those occurring on 
the south. The jaspers and other ancient rocks of 
Griqualand may have no representatives here on the 
south or west at all, for the gap beneath the Glacial 
Conglomerate varies enormously, and different areas 
may supply different representatives ofthe entire missing 
strata. 

4. The basic intrusions. 

It is interesting to find throughout the area mapped 
last year outcrops among the older Palaeozoic quartzites 
of basic sheets and dykes of the Karroo type. This 
marks a considerable difference between the old rocks of 
the north-west and those further south, which seem to- 
have been outride ofthe zone of this igneous activity, 
since the only basic intrusions on the south are limited 
to the Malmesbury Beds proper and the Cango rocks^ 
and belong to a distinctly older series than those recog- 
nisable as of Karroo type in the north-west. 

The metamorphic effect of the sheets is particularly 
interesting as seen in the Dwyka Conglomerate. On 
the larm Dwas Douw (seep. 42) the Assistant Geologists 
found that one of the dolerite sheets had brought about 
a regular and definite columnar structure in the Conglo- 
merate, and, elsewhere, similar, if less perfect, appear- 
ances were noted. 

It is also interesting that in several places direct con- 
tact with dolerite sheets has produced the same hardened 
crystalline condition in the glacial conglomerate as has 
been caused along the southern Karroo by the deforma- 
tion and crushing due to the mountain folding which has 
there involved the Dwyka. 

Geo. S. Corstorphine, 

Director of the Geological Survey. 
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REPORT ON PARTS OF THE 

UITENHAGE AND PORT ELIZABETH 
DIVISIONS. 



A. W. ROGERS AND E. H. L. SCHWARZ. 



The marine beds of the Uitenhage Series (') have for a long 
time been known to be closely connected with the Enon Conglo- 
merate C') ; it became necessary, therefore, to acquire a good work- 
ing knowledge of these beds in order to understand the relations 
of the Enon Conglomerate of the Western Province to the beds 
further east. For this purpose a visit of six weeks was made to 
the valleys of the Zwartkop's and {Sunday's Rivers, where the 
sequence of the Enon Conglomerate and the fossihferous beds of 
those parts was studied. Collections of plant remains were made 
with the view of comparing them with those found in the shales 
associated with the Enon Conglomerate near Heidelberg and 
lierbertsdale. No attempt was made to work out the distribu- 
tion of any division of the series. 

The localities visited were: i- The Zwaftkop's River between 
the town of Uitenhage and the mouth, and including the 
country in the immediate neighbourhood of Uitenhage ; 2. the 
valley of the Bezuidenhout's River from Blauw Krantz to the 
Sunday's River; 3. the valley of the Witte River from Enon to 
the Sunday's River; and 4. the valley of the Sunday's River be- 
tween Dunbrodie and Addo Station. 

The Uitenhage Series, in the districts under discussion, con- 
sists of three divisions, which are as follows, commencing from 
the top: — 

Sunday's River Marine Beds (') — Grey shales and clays with 
numerous bands of limestone and calcareous sandstone- 



(^) This term was applied to the group by R. Tate, Q J G.'^ , 'S^^y, p. M9- 
(*) The term Enon Conglomerate was first used by W. G. Atherstone. Eastern 
Province Monthly Magazine, 1857, p. 524. The relation it b?*ars to the marine 
beds is given in A. G. Bain*^ paper, Trans. Geol. ^oc. Lond., and Ser., Vol. 
VII., p 184. 

('; The term Sunday's River Beds was first used in the restricted sense by E. J. 
Dunn in the first edition of his Geological Map of Tane Colony (1873): Wylev 
(Notes of a journey in two directions across the Col"\, « ape Town, 1859) em- 
p oyed the term also, but included the Wood -Bed in it. 
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Marine fossils occur in great abundance, of which the most 
important are : — Olcostephanus Atherstonei, Astarte 
(Seebachia) Bronni, A, Hertzogi, Trigonia conocardiformis, 
T- van, T, Herzogi, T. ventricosa, Pinna Atlierstonei, Pcrna 
Atherstonci, GerznUia dentata, Gryphaea imbricata. 

Wood-Bed (^) — Yellow sands with Ostrea, grey shales with 
limestone bands, with Psammobia Alhersfonei, much fos- 
silised wood; among the plant remains are Palaeozamia^ 
Sphenopteris, Cyclopteris, Pecopteris; fragments of reptilian 
bones; also blue-black shales with Turbo Baini, Pectm, 
Psammobia AtJterstonei, Ostrea, and lignite bored by Castro- 
chaena dominicalis. 

Enon Beds — Coarse and fine conglomerate; red sandstone 
(Atherstone's " Zwartkop's Sandstone ") ; yellow and green 
sands and sandstones; red, purple, and blue marls, with 
interbedded mudstones, " Variegated Marls/' 

All the members of the series arc very variable in their de- 
velopment. Thus the conglomerate is apparently absent imme- 
diately west of the town of Uitenhage and to the south-east of 
Blue Cliff Station, while a short way up the Eland's River a con- 
siderable thickness of it exists. Above the railway bridge over 
Bezuidenhout's River, yellow sands very like those in the Wood- 
Bed are interbedded with the Variegated Marls. At another 
place outside the present area, namely, Plettenberg s Bay, there 
is a bed with Trigonia conocardiformis in the middle of the Enon 
Conglomerate, and this fact points to the probability that at this 
place a part at least of the Sunday's River Beds is replaced by the 
conglomerate, in other words, that while marine conditions pre- 
vailed in the Uitenhage district, inshore or fluviatile conditions 
obtained at Plettenberg's Bay. Further west, again, estuarine 
deposits occur, in which are plants different from those in the 
Wood-Bed of Uitenhage, although there is probably little differ- 
ence in their ages- From these facts no sub-division of the 
Uitenhage Series, though very important locally, can be said to 
have a general significance. 

To the north of Uitenhage a rather remarkable succession of 
beds is exposed. The native location and the ground imme- 
diately north of it arc situated on red sandy miulsones, "Varie- 
gated Marls," but on the high hill to the north of the locatfon 
tliere are thin limestone bands, with Gryphaea imbricata, and a 
species of Trigonia^ interbedded with marls and shales. The 
marine beds here lie within a short distance of the steep bank of 
Table Mountain Sandstone. Directly above these, agfain, there are 
red sandy beds with thin bands of conglomei'ate like the Enon. 
These latter lie against the Table Mountain Sandstone, which 
forms the mountainous ground to the west and north. The dip- 



(*) This term was lust used by W. G. Atherstone, lo\ cit. 
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of the red sandstones^ marls, limestones, and conglomerates is to 
the north-north-east at a low angle. The fact that the marine 
beds are intercalated between two sets of red sandy beds makes 
it very probable that they are contemporaneous with part of the 
Enon Conglomerate as found in this and other localities. The 
presence of Trigotiia cmxocardiformis in the conglomerate at 
riettenberg's Bay also supports this view. 

I. ZWARTKOFS RIVER. 

The first locality visiteS^ was the Zwartkop's River valley be- 
tween the town of Uitenhage and the mouth. The river has cut 
• down through a shelving plateau, which rises some three or four 
hundred feet above sea-level at Uitenhage, and sinks down to 
less than two hundred at the mouth. The north bank consists 
of the cliffs made by the under-cutting of iht river, but there is 
a wide, low plain on the south, on which Bethelsdorp and its 
Salt Pan are situated. The south side of the plain is again closed 
in by the escarpment of the plateau. In the centre of the plain 
there is a low ridge of Variegated Marls, accompanying the 
Zwartkop's River on the south side, but it comes to an end near 
Despatch Railway Station. The plateau is thickly covered with 
beach deposits, often crowded with marine shells, so that it is 
very probably a plain of marine denudation^ to which conclusion 
the gradual slope of the plateau towards the sea also points. 
On the surface of the plateau there are very few outcrops of the 
rocks underlying the beach deposits, as the sntall water-courses 
have seldom cut down through the latter; it is, therefore, only 
where the large rivers — ^the Zwartkop's and Sunday's Rivers — 
have cut down through the plateau, that sections showing the 
older rocks are found. Along the Zwartkop's River the 
rocks exposed in the cliff sections consist of the clays and lime- 
stones of the Sunday's River Beds, with marine fossils- 

Neither the Enon Conglomerate nor the Wood-Bed is seen; 
the latter^ however, may lie under the bed of the river, and all 
traces of it be covered up by alluvium. On the south bank of the 
river the Variegated Marls are well exposed at several places, and 
from Uitenhage to a short way beyond Despatch Railway 
Station they form a low ridge. At the town itself the marls, as 
mentioned above, are also seen on the north bank of the river, 
'i here are several clay-pits* in the Variegated Marls, from which 
material is obtained for the making of bricks and tiles. For 
about a mile down stream from the town the river runs at the 
base of the marl ridge, and exposes the rock in a series of cliflFs. 
The rock here is generally a sandy clay, with more or less admix- 
ture of lime, and occasional beds of pure clay ; the sandy portions 
contain a few pebbles of quartz and quartzite; the colour is 
usually red or green. A bed of hard, white mudstone, like 
that to the north-west of Heidelberg, occurs in one of the sec- 
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tions ; these beds, in fact, resemble closely those in the less con- 
glomeratic parts of the Enon Conglomerate in the Riversdale 
district. 

From the last of the cliffs, the river winds to the 
norths but comes back to the marl ridgo in the neighbourhood of 
Despatch^ where an exposure occurs, which has been enlarged 
by the workings of the Port Elizabeth Brfck and Tile Company. 
I'he outcrops here are by no means homogeneous ; the marls 
are separated by numerous bands of blue mtidstone, which are 
hard and only disintegrate after long exposure; the hard bands 
vary from a few inches to three feet in thickness, and in them 
brown stems can be occasionally seen, but nothing determinable 
was found. The marls are mottled light blue, red and purple, 
and disintegrate easily on exposure to the air. The marl ridge 
ends on the flats west of Redhouse, and no sections rre met with 
there. 

To the west of Uitenhage, where the Humansdorp road climbs 
the marl ridge, sections are seen in which the marl contains 
bands of conglomerate, and further north in the Eland's River 
Valley, where Knon Conglomerate occurs, the matrix is very 
similar to the Variegated Marls. Atherstone's term " Zwart- 
kop's Sandstone '* refers to a white and red variegated sandstone 
composed of fine sands, which was found by him higher 
up the Zwartkop's River than we were able to go; we saw 
nothing like it in the area Over which we went in this district^ 
but the same kind of rock occurs intimately associated with 
Enon Conglomerate at Knysna Q). 

No trace of the Wood-Bed was met with in the Zwartkop's 
River valley below Uitenhage, but some beds seen in an isolated 
exposure in the small tributary valley between the Eland's and 
Zw^artkop's Rivers are very similar to the Wood-Bed of other 
localities^ and it may well be that the Wood-Bed is present all 
along the Zwartkop's valley^ but covered up by the alluvium of 
the river. Tlie exposure referred to consists of sandy mud- 
stones with lenticular layers of lignite and occasional stems of 
plants ; pebbles of quartz are scattered throughout the rock^ and 
thin bands of conglomerate are frequent. 

The Zwartkop's River runs at the foot of a series of bluiTs form- 
ing the escarpment of the plateau, and the Sunday's River Beds 
are exposed at intervals on the cliffs. Railway cuttings have been 
made through parts of the plateau from the sea-level- at Zwart- 
kop's River Bridge in a north-north-east direction, and others 
from Uitenhage, which is only at a slight height above sea-level^ 
in the same direction, along a line twelve miles further west. It 
was from these sections that many of the fossils were obtained in 
former years, but latterly the outcrops have become covered up, 
and few specimens can now be got. 



(') Ann. Report, Geological Commission, 1899, p. 58. 
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On the whole, the beds along the Zwartkop's River dip at a. 
low angle to the north-east. Outcrops of the one zone which 
seems to be most constant, namely, that containing Pinna Ather- 
sionei and Olcosfephanus Atherstonei, occur in the railway cuttings 
at either end of the Zwartkop's bluflFs, and at intervals through- 
out the cliffs themselves, with a persistent north-easterly dip up- 
to about 5°. 

The Sunday's River Beds consist of grey shales, clays with 
inconstant bands of sandstone, sandy limestone, and ferruginous 
sandy limestone. The grey clays in the lower part of the series 
are exposed in an excavation on the north bank of the Zwart- 
kop's River near the bridge just east of the railway embankment. 
The clay is used for brickmaking. It is full of indistinct organic 
remains, which appear to be fish scales or the elytra of beetles, 
but none of the specimens were sufficiently well preserved to en- 
able one to decide their true nature; besides these, there are 
crushed and distorted specimens of Nucula, Pecten, and Dentalium, 
together with some unrecognisable gasteropods. This band of 
clay, of which about fifty feet are seen, is the lowest bed exposed 
on the north bank of the Zwartkop's River, and a considerable 
gap lies between the position occupied by it and the uppermost 
beds of the Variegated Marls of the southern bank. Taken as a 
whole, the clays of the marine series are poor in fossils, except, in 
the immediate neighbourhood of the harder bands of rock. The 
outcrops of the hard calcareous sandstones are too limited to 
allow of any one bed being followed for a considerable distance, 
but at each exposure the sequence is diflferent, so that one is led" 
to conclude that the hard bands, though distributed through a 
considerable thickness of the marine series, are lenticular in 
form and of local significance only. 

Commencing on the east at the Zwartkop's Bridge and travel- 
ling west along the bluffs on the north side of the river, the sec- 
tions are as follows. In the neighbourhood of the ten-mile cottage 
on the main line from Port EHzabeth there is a number of deep- 
cuttings, but though many fossils are said to have been ob- 
tained here, the only hard band at present visible is one com- 
pcsed almost entirely of Gryphaca imbricatay which weathers out 
in lumps composed of confused masses of shells. On the east side 
of the valley, opposite the railway cottage, there is a large quarry 
in which a hard iron-stained limestone full of Gryphaeas crops out. 
About a mile nearer the river there is a small farm-house, and 
along the road under the railway embankment near the house 
there is a mass of exceedingly hard ferruginous limestone which 
protrudes in irregular slabs from the soft clays. Small nests of 
fossils occur in this, including Olcosfephanus Baini, Baculites (?), 
small gasteropods with Ncnfopsis turbinata and lamellibranchs. 
Above this, again, but separated from it by some six feet of clay, 
is a light blue mudstone bank, weathered to a yellow colour, 
without fossils. Some thirty feet above this latter there is, again. 



Digitized by 



Google 



8 

■Q. bank of hard mudstone containing numerous specimens of 
riLua Aihcrstonci. A mile to the west of the farm-house just men- 
tioned, and a short way beyond the rifle-butts^ there is a kloof 
with a fine section of the normal marine beds, from the topmost 
of which detached specimens of Grypliaca, Gervilliay and Ostrca 
are found in the debris. The poorly developed sandstone in this* 
kloof probably furnished the fossils, but none of the exposed 
blocks contained any specimens. West of this, again, the hill 
slopes are covered with an impenetrable bush of Aloes, Euphor- 
bias, Mimosas, Scutias, and other thorny trees, and it is nearly 
A mile from the rifle-butts before an opening occurs. Here, at 
about thirty feet above sea-level, there occurs a bed of mudstone, 
about two feet thick^ crowded on its upper surface with Trigoma 
ventricosa and a few other fossils, including Placunopsis subjuren- 
sis. Above this, and separated from it by a few inches of grey 
clay, there is an irregular band of nodular limestone, in parts 
forming a bed from six to nine inches thick; in this limestone 
most perfect specimens of Asfarte Herzogi occur; Placunopsis 
subjurensis was also found, and detached specimens of Gryphaca 
imbricata in vast numbers, and broken bits of Trigoma Hcrzogi. 
The same nodular ferruginous limestone occurs further up the 
kloof to the right; Asiarte Ilerzogi is very abundant in this patch. 
Above this there is a considerable thickness of clay without any 
apparent hard bands, and the top is capped with recent lime- 
stone containing fossils. The next exposure is two miles from 
this last spot, at a place called '* Picnic Bush," where there is a 
clump of tree Euphorbias (E. grandidens), tw^enty feet high. 
Here there are two bare cliffs ; in the eastern of the two there 
are three well-marked bands of hard mudstone from two to 
tnree feet thick, which can be seen in the water-course on ^he 
i^ast side. The lowest is full of Trigonia ventricosa^ w'itli a few 
Gryphaeas. The middle band is barren, except for a few Tri- 
gonias, which, however, it is impossible to break out of the hard 
stone. The topmost band, which is the most massive, has a 
number of nests of fossils on its under surface. Where these 
occur the stone is not so indurated as elsewhere, and in conse- 
quence the fossils weather out whole. Large numbers of 
Astarte Hersogi, Seebachia (Astarte) Bronni, Trigonia Herzogi, 
Pleuromya lutraria, Placunopsis subjurensis^ and many imperfect 
Gryphaeas and Osircas occur here, and can be picked up loose in 
the watercourse below the mudstone krantz. On the face 
of tbe cliff itself, in a position intermediate between 
the two upper mudstone beds, there is an outcrop of 
nodular clay-limestone, in which we discovered the greater 
portion of the skeleton of a large reptile, which appears 
to belong to a form closely allied to Plesiosaurus. Portions of 
the shoulder girdle and some fifteen vertebrae are embedded in 
a nodule, but the jaws, teeth, cervical vertebrce, hind-limb bones, 
and bones of the fore-arm and paddle were loosely imbedded in 
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the dark grey clay. Near by, and evidently weathered out of the 
same kind of rock^ were some fine examples of Trigonia Herzogi, 
PIciiromya lutraridy and Olcostephaniis. The second cliff occurs 
about half a mile further west, and though a far greater extent 
of rock is exposed the beds are very poor in fossils. The lower 
sandstones have been quarried for building stone, and the rock 
is here very massive and compact, and more sandy than at the 
eastern cliff; Gryphaca imbricata occurs largely, and in a still more 
ssndy bed a short distance above this Ostrca occurs sparsely. 
About two miles up the river from this last place there is a road 
running from the farm Perseverance on to the plateau, and lead- 
ing to the Salt Pan. There are three cuttings here, one above the 
other, which have been used at different times for the roadway, 
but only the middle one is now kept in repair, and it is in this one 
ihat there are exposures of fossiliferous beds. The cutting on 
the east, the highest of the three, is obscured by the fallen beach- 
gravel, which here covers the plateau, and in the western cutting, 
though the lower bed of mudstone, which is usually fossiliferous, 
has been extensively quarried for building stone, we were unable 
to find any traces of fossils. Along the present road, however, 
there is a thin bed of mudstone, with Trigonia Hersogi. At the 
top of the road there is a thick band of nodular ferruginous lime- 
stone, in which perfect specimens of Astarte Herzogi, Trigonia 
Herzogi, and Plenromya hitraria occur, all readily obtainable 
where the rock is slightly weathered. The next outcrop is at 
Cuyler Manor, immediately behind the house. There is a long 
kloof here, running far into the plateau, but it is only near the 
river that the mudstone is exposed. It is to be seen in a number 
of places, and yields Gryphaea imbficata and Trigonia Herzogi. 

At Uitenhage itself, the fossiliferous marine beds extend round 
the east and north sides of the towtn. The three best localities for 
fossils are : (a) on the road to the top of Grass Ridge, to the east 
of the village ; (b) about three miles from the village along the 
Graaff-Reinet Railway; and (c) about two miles due north of the 
village on the road to Hillwacht. 

(a) Ascending the Grass Ridge road, three beds of sandstone 
are exposed in the dry water-courses, separated from each other 
by some twenty or thirty feet of clays and sandy marls. The 
lowest of these yields Trigonia Herzogi; the middle bed, as far as 
it is exposed, is barren. The uppermost, however, contains a 
number of elegant casts of Area Jonesi, also Actaeonina Athcr- 
stonei, Oleoste plianus Atherslonei, Gryphaea imbricata, Pectcn, Tri- 
gonia Herzogi, T. vatt, Modiola Baini, several small lamcllibranchs, 
and some plant stems. Some distance above this bed there is an 
outcrop of nodular calcareous limestone, crowded with shells of 
Plcuromya Baini ; occasionally, also, the shorter form P. lutraria. 
A number of casts of gasteropods also occur, and in the surround- 
ing softer material Oleoste phanus Atherstonei, Trigonia vcntrieosa. 
Lima obliqiiissima, Cardita nueuloides, Ostrea, and Gryphaea- No 



Digitized by 



Google 



lO 

other fossiliferous outcrops occur above this, and the top of the 
ridge is covered with the boulders of the raised beach. 

{b) The second locality is in a railway cutting between the 
milestones 24J, 24^. The rock consists of sandy clay with a bed 
of clayey sandstone indurated with lime, and a bed of nodular 
calcareous limestone, the two hard bands being separated by a 
few inches of clayey material. 

The Hmestone is crowded with large examples of Pinna 
Atlicrstonci. The rock was too intractable to allow our making a 
full collection, but we found, besides the Pinna, many small gas- 
teropods^ and a small Olcostephanus, In the clay between the two 
hard bands there were a few Trigonia Herzogi and an Olcostc- 
phanus; this latter is allied to 0. Athcrstonei, but differs from it in 
being more compressed laterally, in having no umbilical ribs, and 
in the less overlapping of the whorls. In the sandstone below 
this clay many forms occur, somie of which are new. Trigonia 
Htrzogi is very common, also the large variety of T. vcntricosa, 
T. conocardiformis, and T. van ; Plcuromya Baini is common, 
also P. liitraria, sometimes with small Pa/r//a-like shells attached, 
Gryphaca imbricata, Gervillia dcntaia, Pholadomya domimcalis, Lima 
ohliquissima, Pccten, Serpula, numbers of small gasteropods, laniel- 
libranchs, and entoniostraca, while one block of rock was full of 
a branching coral allied to Isastraea or Stylina, A bed of yellow 
sandy rock, full of cavities where broken bits of fossils had once 
been, is exposed along the pipe-track a short w{ay north of this 
spot; Trigonia rcniricosa was recognisable, but the others were 
too badly preserved to be named. 

(c) The third locality is on the road to Hillwacht, where the 
path leaves the plain and begins to ascend the hills. Two hard 
beds occur full of Gryphacas and Trigonia Herzogi, The fact that 
beds like Enon Conglomerate are found above these marine 
clays has alreadv been ir.entioned. 

The general course of both the Eland's River and the Zwart- 
kop's River is south-east. The former runs into the latter a short 
way above Uitenhage. Between -the two rivers there is a small 
subsidiary valley, which is interesting on account of the exposure 
of the Wood-Bed already mentioned (p. 6). The small valley is 
carved out of the Table Mountain Sandstone, which forms the 
range of hills separating the two main valleys, but adherent to 
the steep slope of this older sandstone there are high cliffs of 
rocks which undoubtedly belong to the Uitenhage Series. On 
entering the valley from Uitenhage, one notices these newer 
rocks along the banks of the Eland's River, near the junction of 
the subsidiary stream. The vegetation is very dense, and there 
is much recent alluvium, through which protrude massive beds of 
red conglomerate, too characteristic cf the Enon to be mistaken 
for recent deposits. A j^hort way a])Ovc this, along the small 
river, there is a cliff some fifty feet hig'i composed of bluish sandy 
clay with hard beds, containing pebbles of dark quaitz scattered 
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sparsely throughout the substance of the rock, also small bits of 
wood and lignite ; some of the beds are composed of conglome- 
rate. The general appearance of this mass of material is that of 
the '* Wood-Bed," which is so largely developed along the 
Bezuidenhout's River. The rock is nearly horizontal, dipping a 
few: degrees to the north-east, but there is very little of the 
original mass left, that which remains being merely a thin cover- 
ing on the Table Mountain Sandstone. Up the stream the older 
sandstone continues, till a bend of the river is reached W'herc a 
side stream enters the main river. Here a section made up 
entirely of well-bedded white conglomerate is exposed. From 
this point the pathway leads westwards over the hills, and the 
river bed becomes impassable. The ground on the east side of 
the Eland's River, opposite the entrance of this small river, is 
thickly covered with a red loam overgrown with Euphorbias, 
Aloes, Mimosas, and Scutias, but one or two exposures appear, 
consisting of hard beds of red conglomerate. Nothing satisfac- 
tory is further seen till we reach the cutting where the Uitenhage- 
Humansdorp road goes down into the Zwartkop's valley ; here 
there are masses of red conglomerate separated by Variegated 
Marls, and the whole is covered by a deposit of boulders of recent 
origin. 

The country between Uitenhage and Blue Cliff Station, on the 
Bezuidenhout's River, is unfavourable for geological work, 
owing to the thickness of the bush. The railway line, after leav- 
ing the marine beds at about the 26th milestone from Port Eliza- 
beth, crosses over a ridge of Table Mountain Sandstone, and 
enters the Coega Valley, where sands and sandstones coloured 
light green, pink, yellow, or brown, belonging to the Uitenhage 
Series, occur. At the 40th milestone Bokl^eveld slates appear on 
a narrow ridge running east and west; on either side of the line 
there are cuttings showing a green sandstone dipping slightly to 
the north-east. The absence of conglomerate below the sandy 
beds here is remarkable. Except for these railway cuttings, the 
whole country is covered with red loam, thickly overgrown with 
the usual prickly and thorny scrub about eight or ten feet high, 
and so interlaced that it is often impossible to traverse. At Blue 
Cliff Station one enters the valley of the Bezuidenhout's River. 



2. BEZUIDENHOUT'S RIVER. 

The rocks in the Bezuidenhout's vallev belong to Atherstone's 
division, called the " Wood-Bed," but' this " Bed " must be 
understood to include a thickness of about 500 to 1000 feet of 
very varied material, ranging from soft sands and clays to hard, 
massive sandstones and limestones manv feet thick. The beds 
are, as a whole, inclined to the south, so that in following the 
Bezuidenhout's River from Blue Cliff to Dunbrodie, one sees 
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beds on practically the same lerel ; on going north one enters the 
region of the Enon Conglomerate, and on going south the 
marine beds appear. It will be most convenient to describe the 
sections along the Bezuidenhout's River from west to east. 

The railway crosses the Bezuidcnhout's River by a bridge on 
iliu farm lilaauw Krantz, iwo miles we^t ot Blue Ciifi Station. 
About two miles up the river from the bridge there is an outcrop 
of yellow sandstone in the river-bed, but the banks are composed 
of thick recent deposits made up of big boulders of Table Moun- 
tain Sandstone. Down the river from this point there are fine 
exposures on the right bank. First, there is a long stretch of 
light greenish sandstone, very loose and crumbly on the surface, 
but exceedingly tough when unweathered; in this there are oc-ca- 
sional blocks of dark red compact sandstone, which are some- 
times replacements of tree-trunks, possessing the outward marks 
of wood, but with no internal structure, but more usually are 
merely rounded lumps. The beds dip at one place about thirty 
degrees to the east-south-east, and are followed by sandy marls, 
accompanied by two beds of the green sandstone about three feet 
thick. Following the second of these sandstone bands there is 
a thick deposit of \'ariegated Marls coloured red and light green. 
The dip of these is about 15*" at the further end, but where they 
become covered up on the down side of the bridge they are nearly 
flat. The whole of this section, both the inclined portion as well 
as the horizontal, has been cut oflf on the surface by a nearly 
level plain, which is covered by a thick deposit of boulders 
foimed of rounded blocks of Table Alountain Sandstone and sub- 
angular blocks of hard Bokkeveld slate ; the boulders arc followed 
by a deposit of red loam, much impregnated with lime. Below 
the bridge the river takes a sharp turn to the east, and in the 
angle there is a cliff of some forty feet, composed of 
Iccsc yellow sandy material with several bands of more com- 
pact rock; no organic remains were found here. A short 
way below this cliff, and hidden away in the Mimosas that 
line the river, there is an interesting section showing the junction 
of the yellow sands, which represent the base of the " Wood- 
Bed,'' with the underlying Variegated Marls. The beds dip 
about ten degrees to the east. In the sands there is a pocket of 
clayey material similar to the marls, with indistinct plant re- 
mains. Below this, again, and quite near Blue Cliff Station, 
there is another section on the north bank showing soft sands and 
beds of hard mudstone with, however, no signs of organic re- 
mains. 

Below the station there is a high cliff made up of beds of 
yellow sands, which are crumbly enough on the surface, but in 
the unweathered condition are bound together by argillaceous 
material, making them very tough and tenacious. There is one 
hard band, three feet thick, dipping 15° to the north-east ;, just 
beneath it there is a number of exceedingly fragile shells of 
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some small lamellibranch, which crumble to a white powder 
when one tries to get them out of the matrix. The surface here, 
again, is covered with large sandstone boulders. 

Two miles from the station, on the road down the river, there 
is a hill capped with a hard sandstone with a thin parting com- 
posed of bits of lignite ; below this are shales with lignite and a 
purple limestone with stems of plants. On the krantz below the 
hill there is a good section of the stiff clayey sands with hard 
beds, and a large number of trunks of trees, some impregnated 
with limestone, others replaced by a hard purple sandstone. Be- 
yond this, a short way below the farm on the north bank of the 
river, there are two high cliffs of yellow clayey sands with hard 
beds and purple sandstone. In the nearer cliff, towards the top, 
there is a hard bed with a great quantity of calcified trunks of 
trees, and also a number of large bones with very thin walls, and 
a very loose and open medullary tissue. Unlike the vegetable 
tissue, these bones have not been filled in with any material 
which would have hardened and preserved them, and in conse- 
quence they are in an extremely fragile condition, and it was im- 
possible to extract them from the tough, srndy matrix. Beneath 
this hard bed there is a bed of clayey mate* ial with obscure plant 
remains and a few ferns. The further krantz is noteworthy, 
owing to the large number of tree trunks that are exposed on the 
face; one trunk measures 15 feet in length, and there is another 
portion, originally joined to it, separated from the main portion 
by a fall of rock, which makes the w^hole trunk preserved in 
stone 25 feet in length. Many of the trunks measure three feet 
in diameter. On the opposite side of the river, a little lower 
down, the cliff is of exactly the sam^ material as the last, namely, 
stiff, yellow sands, but the upper bed contains large oyster shells. 
Below the hard bed, which forms the top of the cliff and over- 
hangs the softer beds, there is a quantity of semi-calcified wood, 
much of it being still in the condition of lignite ; this is in places 
full of the boring shell Gastrochacna dominicalis. 

On the north bank, a little further down, there are extensive 
cliffs of yellow sands with hard bands exposed above the river- 
l)ed. Thero is a quantity of fossil wood in these, and some pecu- 
liar twisted <;tumps that appear to be the stems of some cycadace- 
ous plant (? Palacozamia). The spongy tissue of the long bones 
of reptiles is also found, and in one of the hard bands, indurated 
with carbonate of lime, a large number of shells of Psamnwhia 
Alherstonei. 

Near the eastern boundary of the farm Paltje's Kraal there is 
an extensive exposure of rock on the south side of the river. 
There are two prominent bands of hard material, the lower much 
impregnated in places with lime, and assuming in that case a 
purplish colour. In this material there are a few plant stem!? and 
an occasional oyster shell. Above this there is a similar hard 
band, which is crowded with large fronds of Palaeozamia recta. 
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ether species of Palacozamia, of Pecopteris, Cycloptcris, Rubidgca, 
and of other forms not yet worked out. The fern and other 
leaves occur both in the sandy mudstone and in the nodular lime- 
stone, and are in a very fine state of preservation, the cones and 
fruits being in some cases preserved. Upright and horizontal 
sitems occur in great profusion, and while the inner wood is re- 
placed by stone, the bark is still in a soft, lignitic condition. 
From the Paltje's Kraal boundary to the point where the Bezui- 
denhout's River runs into the Sunday's River there are several 
exposures of the sandy clays and mudstones, with fossilised tree- 
trunks, but beds containing shells or leaves, if they exist, are not 
exposed. 

3. THE WITTE RIVER. 

The Witte River rises high up in the quartzites of the Zuur- 
berg; it follows a fold in the mountains, running from west to 
east ; after continuing this course for some twelve miles, it cuts 
through the fold and flows south for two miles, and then runs 
west as far as Enon Mission Station, where it again cuts through 
ihequartzitehillsand runs south to join the Sunday's River. At 
Enon village, the kloof which the river has cut through the hills 
has exposed the very fine section of conglomerate which led Dr. 
Atherstone to adopt for this formation the name ** Enon Conglo- 
merate." The appearance here is very like that of 
the similar rock in Oudtshoorn, for instance, at the 
mcuth of Coetzee's Poort; but at Enon the beds of 
the conglomerate dip at a fair angle to the south, 
whereas at Oudtshoorn the conglomerate is very nearly horizon- 
tal. The rock is the typical conglomerate. Quartzitic 
pebbles, averaging three inches in the longest diameter, and a^ 
little less in the others, and more or less flattened, rounded and 
smoothed by water action, are set in a matrix of red sandy clay. 
Some portions of the rock are weathered white, others retain their 
deep red hue. The softer parts of this conglomerate naturally 
crumble ntuch more easily than the harder when exposed on the 
cliff sections, and give rise to most fantastic sculpturing and the 
formation of caves. Some of these latter contain deposits of 
guano from the numerous bats that inhabit them. The hills 
about the Enon Kloof are from 150 to 200 feet high, but it is im- 
possible to estimate the thickness of the conglomferate. as the 
top and bottom of the series are not well seen, and the varying 
angles of dip require careful measurement before a fairly correct 
estimate of the portion exposed can be formed. The top of the 
series p-rades ofT into brown sandstones with bands of conglo- 
merate. The transition beds are often hard and massive, consist- 
ing of coarse sandstones and mudstones; the conglomerate 
brnds in them are usually less coarse than the Enon rock, and 
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higher in the series the pebbles become less and less in quantity, 
and the sandy matrix more and more prominent. 

Below Enon there are a few outcrops of rock along the river 
consisting of yellow sandstone, and the banks are formed of 
recent alluvial deposits, which hide most of the solid geology 
until one comes to the first waterhole on Dunbrodie Mission 
Station (marked Geelhoutboom on the maps). On the left side 
of the river there is a high bank composed mostly of recent de- 
posits, but at the foot there is an exposure of sandy clays with a 
hard bed of mudstone. This hard bed and the clays immediately 
above and below are full of fern leaves, all of which are of the 
Sphenopteris type, and some appear to be the same as those 
described by Tate under the/ name Sphenopteris antipodum. 
Palaeozamia occurs along with the fern leaves, but no other of the 
Bezuidenhout's River genera, while the Sphenopteris forms are 
absent in the latter locality. A little lower down there is a bar 
of blue mudstone crossing the river diagonally ; imbedded in the 
mudstone, and in the shales beneath it there is a large 
quantity of lignite occurring as blocks of black, coaly material, 
often shiny and bituminous, but always showing some trace of 
the original woody fibre. This material can be used as fuel, but . 
if. not sufficiently aggregated to be worth excavating. Near the 
buildings of the Dunbrodie Mission Station, on the Witte River, 
there is an exposure of loose, yellow sandstone, without fossils, 
but lower down, the river runs into the Sunday's River between 
high banks of alluvium. 

4. THE SUNDAY'S RIVER. 

On the Sunday's River, a little below the junction of the Witte 
River, and near the old schoolhouse belonging to Dunbrodie, 
there is a high cliff of alluvium, at the base of which some shales, 
limestones, and green sandy beds crop out. The rock is kept 
free of weathered material by the river w^ater, and hence appears 
of an inky blue colour. One hard band indurated w*ith lim/e 
contains beautiful brown imprints of ferns, leaves, and stalks of 
plants, but these are in a very fragmental state. Below this are 
two beds full of oyster shells, the matrix consisting of shales and 
green sandstones f the oyster shells occur in great numbers, to- 
gether with Psammohia Atlierstonei] Turbo Baini (common), 
Aciaeonina Aihcrstonei (scarce), a large Fectcn (fairly common), 
and quantities of fossil wood and lignite, the latter bored with 
Gasirochacna doviinicalis. 

Further dow»i the Sunday's River there are no exnosures till 
one comes to a high white krantz on Wolve Kraal, on the north 
bank of the river. This gives a section of the yellow decomposed 
sandy clays with the included beds of harder rock cropping out 
at intervals of twenty feet; the whole krantz is from 80 to 100 
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feet high. No fossils occur in the bottom beds, but towards the 
tof there are large numbers of Gryphaea and Trigonia Herzogi, 
also T. conocardiformis and T. van, along w ith some new species 
of lamellibranchs and Gervillia dentata. The top of the cliff is 
covered with large boulders of white quartzite, and towards the 
eastern end of the exposure there has been a considerable land- 
slip, bringing the boulder-bed nearly down to the level of the 
river. This phenomenon at first sight appears to be due to a 
fault, bringing the Enon Conglomerate up against the marine 
beds, since the boulder-bed has a great resemblance to the former 
rock, and is so consolidated that one would take it to be part of 
the solid geology of the country ; the true nature of the facts, 
however, is apparent on close examination. The beds of the 
marine series appear to be horizontal with a slight dip south- 
wards, and on going northwards the underlying Wood-Bed 
appears. At Mr. Walton's farm-house, on the ground marked 
Lot I- on the Divisional Map, the large tree-trunks that charac- 
terise this bed are very abundant, and in the well, fern-impressions 
have been obtained. From Enon to the lowest part of the Sun- 
day's River which we visited, the dip of the beds is about south- 
south-east at various angles up to 40°. As a rule the 
angle of dip is under 15°, and this is the case with 
the shales and limestones. The higher dips are confined to tlie 
conglomeratic parts of the series, or those parts nearer the moun- 
tains ; this may in part be due to the conglomerate having been 
originally piled up by rapid currents on a steep coast-line, bud 
movement in the mountain region, subsequent to the deposition 
of the Uitcnhag^e Series, has also contributed. The Uitenhage 
Series in this district appears to form a shallow syncline, of which 
we saw one limb along the Zwartkop's River, and the other limb 
between Enon and Wolve Kraal, in the Sunday's River vallev. 
The axis of the syncline lies between north-west and west-nortli- 
west. 

The Uitenhage Series rests unconformably upon the older 
rocks, from the Table Mountain Sandstone and Bokkeveld Beds, 
in the neighbourhood of Uitenhage, to the Dwyka Conglomerate 
on the southern slopes of the Zuurberg range. The age of the 
series has not yet been definitely settled- Of the two authors 
who have gone most carefully into the matter, Tate refers them to 
the Middle and Lower Oolites, Neumayr to the Neocomian. 
The difficulty arises in saying to what European species the South 
African forms most nearly approach ; Tate finds the resemblance 
in Jurassic, Neumayr in Cretaceous species. 

The following list gives references to the authors who have 
expressed an opinion on the subject : — 

Authors referring the Uitenhage Series to the Cretaceous : — 
I. Hausmann, 1837, Gottingen gelehrte Anzeigen, p. 1459; 
see extract in Neues Jahrbuch, 1838, p. 184. 



Digitized by 



Google 



17 

2. Krauss, 1847, Nova Acta Acad.. Caes. Leop. Carol. Nat. 

Cur., vol. xxii., pt. ii. 

3. Lycett, 1872-79, Brit. Foss- Trigoniae, Pal Soc, pp. 229- 

230. 
4- Neumayr, 1881, in Holub und Neumayr, Ueber einige fos- 
silien aus der Uitenhage-Formation in Sud-Airika, Kais. 
Akad. d. Wiss., Wien, Bd. xliv., pp. 267-270. 
Authors referring the Uitenhage Series to the Jurassic: — 

1. Harvey, 1851, Brit. Assoc. Rep., Miscellaneous Communi- 

cations to Sections^ p. 68. 

2. Sharpe, 1852, Trans. Geol. Soc, London, ser. ii., vol. vii. 

3. Tate, 1867, QJ.CS., pp., 139-174* 

From this list it will be seen that the latest and mosb authori- 
tative view inclines to referring the beds to the Cretaceous, but 
Neumayr himself points out that the Indian g^eologists describe! 
from the highest beds of the Jurassic of Cutch and other places 
in the Indian Peninsula certain bivalves, especially Trigoftia 
vcntricosa (*), as the same species as those in the Uitenhage 
Beds; he, however, def-ers expressing a decided opinion on these 
finds till the Indian Jurassic fauna has been fully described, and 
this has not yet been done. Tate, on the other hand, in the first 
part of his paper dealing with the Uitenhage fossil flora, finds 
that it has essentially the same facies as the Rajmahal flora, and 
the plant remains that we found are allied to if not identical with 
the forms from the same Indian beds. Th^ age of the Rajmahal 
Beas is not certainly known, but they apparently lie between the 
Upper and Lower Oolites f^). 

Since then both the fossil flora and fauna of the Uitenhage 
Scries have a great resemblance to those of the Jurassic rocks of 
India, some of the species being identical, whereas the fauna, 
when dealt with separately^ have been made to prove either the 
Cretaceous or Jurassic age of the 6eds, none of the species being 
identical with European forms, the only course at present open to 
us is to regard the age of the Uitenhage Series as Upper Jurassic. 
How rich the Uitenhage Beds are in fossils, the visit just de- 
scribed has revealed, and when this area is worked out systemati- 
cally, there is every promise of obtaining sufficient material to 
settle the question definitely. 

In many parts of the Uitenhage and Port Elizabeth districts 
recent marine and littoral deposits form important features ^*). 
At present only a ver}^ slight account of some of them can be 
given. 

Along the coast south-east of Port Elizabeth there are sections 
through th e modem sand-dunes and the rocks underlying them. 

(•) Medlicott and Hlanford. Geology of India, 2Dd Edit , 1893, p. 18 r. 

SGeoloeyoflndia, andEdit., p. 207. . ^ , ,^. -, , t>. , 

See G. W. *:tow, On Some Points m South Afncan Geologv, I't. i., 
OJ.G.S., 1871, XXVII., pp. S»5-S«. 

[G. 60-1901.] ^ 
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.Near Humewood, in a small railway cutting, the wprn edges of 
the Table Mountain Sandstone are seen in section with a beach- 
deposit lying on them, consisting of rounded and sub-angular 
boulders and fragments of the sandstone, with numbers of frag- 
mentary shells belonging to species still living in Algoa Bay. 
.This beach-deposit is at the present day out of reach of the 
waves. Above the boulders there is a layer of hardened calcare- 
ous sand, containing marine and land shells, and above this layer 
a deposit of oyster and other shells, regarded as a kitchen-midden 
of recent date ; such accumulations of shells of edible molluscs are 
frequently found in the sand-dunes of this neighbourhood. 

Along the coast north of Port Elizabeth there are, again, sandy 
beach-deposits containing whole and fragmentary marine shells 
in abundance. These deposits extend from Port Elizabeth at 
least as far as the Zwartkop's River, and occur from near sea- 
level to ten or twelve feet above it. Below the level of these, in 
the Zwartkop's estuary, there are greenish sandy clays, rising to 
the height of three or four feet above the sea-level. At Pletten- 
berg's Bay similar deposits have been found 47 feet below sea- 
level, and at the mouth of the Buffalo River, East London, 120 
feet, but at Zwartkop's no information as to the depth of the de- 
posit is available. The green clays contain large quantities of 
Crypiodon (Loripcs) globosus, small gasteropods and foraminifera 
(Rotalia). 

Other recent deposits are those covering the plateau, the 
lower part of which is formed by the Uitenhage Series ; they are 
best exposed on the north of Zwartkop's River, where they are 
seen on the tops of the bluffs along the river. They consist of 
.•'culder-beds and sands, containing many marine shells belong- 
ing to recent species, although some, such as a very large 
PecUmculus, appear to be absent from this part of the coast at the 
present time. These beach deposits lie some 200-400 feet above 
the sea, and undoubtedly indicate a corresponding change in 
level. The end of the plateau towards the sea is covered up by 
sand-dunes. 



A. W. ROGERS. 

E. H. L. SCHWARZ. 
Assistant Geologists. 
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REPORT ON THE SURVEY OF PARTS 

OF THE 

CLANWILLIAM, VAN RHYN'S DORP, 

AND 

CALVINIA DIVISIONS. 



The area dealt with in this Report extends from the coast at 
Lambert's Bay to the village of Calvinia, and from the Lange- 
berg (southern Bushmanlandj on the north, to the Pakhuis Pass 
on the south- A route survey between Ueaufort West and Cal- 
vinia is briefly described at the end. 

The varieties of country in this area fall into three main divi- 
sions: — (i) The Coast Belt; (2) the Mountain Belt; (3) the 
Karroo. 

(1) The Coast Belt comprises the actual seaboard, consisting 
of a low sandy shore with promontories of Table Mountain Sand- 
stone, followed inland by a wide expanse of sand, through which 
the underlying rock rarely comes to the surface, and still further 
inland by flats of slate cut to a level plain and traversed by river- 
channels. On the north the slate is replaced by granite and 
gneiss, which form rugged kopjes, separated by wide plains 
covered with red sand. 

(2) The mountain ranges of the South- Western Districts of 
the Colony are represented by the Cederbergen and other ranges 
in the Clanwilliam district, and in a very much smaller way by 
the Bokkeveld Mountain in the Calvinia district. North of this 
latter mountain the rise from the coast to the Karroo is much 
more gradual, and is not broken by a continuous mountain 
range. This is brought about by the successive disappearance 
of the formations between the base of the Dwyka Conglome- 
late and the base of the Table Mountain Sandstone — the con- 
glomerate north of the Doom River Q) (N.) lying directly on beds 

(') There are two Doom Rivers mentioned in this Report, and both very important 
rivers ; the southern one rises in the Ceres Karroo, and comes through the bokke- 
veld Mountain to join the Oorlog's Kloof River, and finally comes through the 
Nardouw's Mountain, to join the Olifant's River. The northern one starts near 
Nieuwoudtville as the \VilIem*s River, runs north into the hollow behind Stink 
Fontein Poort, where it picks up the Hantam, Kransgat and other rivers, and gets 
the name of Doom River, then mns through the Stiok Fontein Poort and joins the 
Kromme River at Stink Fontein, eventually joining the Oliphant's River near the 
mouth as the Salt River. The two rivers are distinguished in this report by 
the letters (N.) and (S.), according to whether the northern or southern one is 
lefenred to. 
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Older than the latter rock. In the southern part of the district 
tnc ijokkeveld and Witteberg Beds occupy a much narrower area 
than further south, where they form the Warm and Cold Bokke- 
velds. Northwards this area contracts still further, and even- 
tually these formations disappear altogether near the Oorlog s 
Kloof River. Beyond this point the high country known as the 
Eokkeveld Mountain, the diminishing remnant of the mountain- 
ous belt, is in contact with the Karroo country as far as the Stink 
Fontein Poort in the Doom River Valley, where it in turn ceases, 
and the Karroo type of country is in contact with the coast belt. 

(3) The Karroo country in the area to be described comprises 
the JJwyka Conglomerate, and a considerable thickness of sand- 
stones and shales overlying it, but is chiefly characterised by 
great dolerite sheets, which form the most prominent features in 
the landscape. The dolerite sheets lie at the same level for long 
distances, and the succession is the same throughout the districts 
where they have been followed. As at Beaufort West* 
the lowermost sheet spreads out over the low plateaux at the foot 
of the main hills, and the Roggeveld, like the Nieuweveld, is 
capped by another main dolerite sheet, the only difference being 
that in Calvinia the Dwyka lies immediately at the foot of the 
Roggeveld escarpment, while in Beaufort West the pUin of the 
Gouph stretches between the Nieuweveld and the outcrop of that 
conglomerate. The metamorphism produced in the sedimentary 
rocks by the dolerite intrusions is particularly noticeable in the 
Dwyka Series, which has been baked and hardened so that the 
conglomerate forms great rugged hills and bold precipices, which 
in its unaltered condition it would not do. Other interesting 
features in this zone are: — The increasmg difference in age 
between the Dwyka Conglomerate and the rock it rests on: the 
nature of the conglomerate, which, normally, is an indurated 
boulder-clay, like that found in Prieska and Hope Town, but 
where affected by contact with dolerite, approaches the character 
of the Dwyka Conglomerate on the south of the Karroo, which 
has been hardened by pressure and heat, due to earth movements: 
and the prominence of the White-Band at the top of the conglo- 
merate, which has the same leading characters that are found to. 
distinguish it in the south of the Karroo, with this difference^ 
however^ that the amount of carbonaceous material is slightly in-, 
creased. 

The Series to be considered in this Report are as follows, from 
below upwards : — 

Malmesbury Beds — Clay-slates and phyllites wth thin sand- 
stones, and thick beds of limestone: steeply folded into 
anticlines and synclines. 

Granite and Gneiss— Probably younger than the Malmesbury 
Beds, and older than the Ibiquas Beds, which are faulted 
against it. 
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Ibiquas Beds (^) — Purple slates and sandstones, with tracks of 
animals (worms, etc) ; at the base, erits, conglomerates, and 
arkoses: gently folded- 

Marked unconformity- 

Table Mountain Sandstone — As described in former Re- 
ports, but thinning out northwards owing to pre-Dwyka 
denudation, and perhaps also by reason of its having been 
originally thinner. Generally more conglomeratic than in 
the south. 

BoKKEVELD Beds — As described in former Reports, but thin- 
ning out northwards, owing to pre-Dwyka denudation. 
(Devonian fossils). 

WiTTEBERG Beds — All but a few outHers removed by pre- 
Dwyka denudation. 

DwYKA Beds — Conglomerate at base, then flagstones, thin sand- 
stones and shales, and the "White-Band" on top; lying 
unconformably on one or other of the preceduig. 

Ecca Beds — Shales and thin sandstones, lyuig conformably on 
the Dwyka " White-Band." 

Dolerite Dykes are intrusive in all the preceding beds, 
with the exception of the Witteberg, m which lorma- 
tion they have not yet been noticed. (Dolerite dykes 
are not in the soutli intrusive in the lable .Mountain 
Sandstone or Bokkeveld Beds). There are also 
Dolerite Sheets intrusive in the Dwyka Conglome- 
rate and succeeding beds. (They are not known in 
the Dwyka or Ecca in the south). 

Underlying the Table Mountain Sandstone there are, in the 
districts now described, two groups of sedimentary rocks whose 
relationship is not yet clear, though the evidence points to there 
being a considerable difference in their age. They both occur in 
the district of Van Rliyn's Dorp, where they can be broadly dis- 
tinguished. 

The older group, to which the term Malmesbury Beds will 
be restricted, is found between the farm Zypher Fontein, in the 
Oliphant's River valley, and the drift over the Drooge River, on 
the Namaqualand road. Rocks, perhaps belonging to this series, 
are found from fifteen to twenty miles beyond this — on the flats 
north of Van Rhyn's Dorp — where they lie in contact with the 
newer group of' pre-Table Mountain Sandstone rocks: the two 
groups are so tongued in with each other, either by folding on 
criginal deposition, that it would be difficult to map the boundary, 
even if it were well exposed; in reality, however, outcrops are in- 



(*) So named from a native tribe that lived in this neighbourhood. The word 
fttiU mrvives in the local name of the Tamarisk that grows plentifully along some 
of the rivers here, and is known as the Ibiquas boom. 
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fiequent, and there are few opportunities of obtaining fresh speci- 
mens by which alone the difference between the two groups can 
be decided. On the east the clay-slates and phyllites of the 
Malmesbury Series pass under the Table Mountain Sandstone of 
Nardouw's Mountain, Gift Berg Matsiekamma, and Kobe's 
Mountain. On the west they extend towards the sea on the 
open fiats, but they w^ere not followed over this area. 

The usual variety of rock met with is a much sheared clay-slate, 
dark green, purple, or brown in colour, passing frequently to the 
condition of phyliite and sericitic slate. Of the phyllites there are 
a few exposures north of the drift over the Drooge River on the 
Nieuwoudtville road. West of Van Rhyn's Dorp the rock is a 
dark purple slate, with beds of dark quartzite. Somewhat simi- 
lar dark slates with arkose occur at Zand Kraal among the 
ordinary sheared clay-slates, but for reasons already explained 
one cannot be sure whether in this case the rock belongs to the 
older or newer group. On the northern part of Zypher Fontein 
there is a bed of quartzite interbedded with the slates. As a rule, 
howevti*, the outcrops ni the cuttings, river-sections, and on 
the hill-slopes show a soft disintegrating clay-rock, white, yellow, 
purple, and red in colour, with cleavage and bedding partially or 
wholly obliterated. The sections by the side of the Clanwilliam 
road, near the Doom River Bridge, show white and purple seri- 
citic slates; similar beds are present from the north of Gift Berg"' 
to Zvplier Fontein, under the Nardouw's Mountain. 

The general strike throughout the Malmesbury Beds in Van 
Rhyn's Dorp district is north-north-west, invariably accompanied 
by a high dip, though it is very often difficult to decide what the 
dip or strike is in a particular section, owing to the amount of 
weathering that has gone on and the softness of the products. 
Occasionally, as on Roode Pan, north of the Varsche River, a 
sharp perpendicular fold is seen in the slates ; a limestone, also, 
along the Troe-Troe River is repeated on the surface several 
times by sharp folding. This leads one to infer that, like the 
better-exposed slates in the Malmesbury Division, the whole 
series is here folded into a succession of steep anticlines and syn- 
clines; indeed, without such a structure it wiould be impossible 
to explain the vast superficial area of these clay-slates, which, 
dipping at angles approaching the vertical, would otherwise have 
to be regarded as twenty or thirty miles thick. 

West of Van Rhyn's Dorp there is a thick band of bluish- 
white and grey crystalline limestone, with intercalated slaty beds. 
The Troe-Troe River has followed the limestone for some six 
miles as far as Vaderlandsche Riet Kuil (Aties), and numerous 
outcrops are met with along it. The general strike of the lime- 
stone is about N. 30° W., the dip varies in direction, and m 
amount from 25° to the vertical. The greatest width of the lime- 
stone outcrop is at least four miles, but this apparently great 
thickness is due to the repeated folding of a much thinner band 
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of rock. In some masses of limestone the slaty bands stand out 
prominently on the weathered surface, and are often contorted. 

About two or three miles west of Van Rhyn's Dorp the lime- 
stone is exposed on a bare slope on the west side of the Troe- 
Troe River, in which there are a numiber of round " swallow- 
holes" ; these are cylindrical holes, about three feet across, pass- 
ing vertically through the rock w;;ith an expanded funnel-shaped 
mouth. They are formed by the water rushing over the lime- 
stone, and being drawn off along the natural fissures ; the water 
charged wath solvent acids enlarges the cracks, and eventually, 
aided by the sand and j^ravel borne alunjf with it, makes lor 
itself the wide swallow-holes in question, the round form being 
^iven by the gyratory motion which the water naturally takes* 
fhey are not to be confounded with the " pot-holes " thart: occur 
along some of the rivers, w^hich are due merely to mechanical 
attrition by a stone whirled round and round in a hollow out 
of which it cannot escape. With the limestone of Van Rhyn's 
Dorp there are associated a few beds of a grey quartzite which 
was not met with in other parts of the area- 

To the east of Van Rhyn's Dorp no outcrops were seen untid 
the slopes of Kobe's Mountain were reached, at which place 
weathered slates, with a vertical dip, and a NN.W. strike, occur. 
The western and north-western part of Van Rhyn's Dorp, where 
these rocks probably occupy large areas, have yet to be examined, 
so nothing is known of their boundary in those directions. 

There is much vein-quartz in all these rocks. On the 
right bank of the Oliphant's River, at Zypher Fontein, some par- 
ticularly large veins are exposed — one along the main road is 
three or four yards wide, but of limited vertical extent. On 
the same bank of the Oliphant's River, south of the Doom River 
Bridge, the slates have been in places broken up, and the quartz 
veins that traversed them are now represented by more or less 
angular fragments embedded in the crushed slates. To the north 
of Van Rhyn's Dorp the flats are strewn v/itli fragments of white 
vein-quartz, at some places giving the veld the appearance of 
being covered with snow. 

At Vaderlandsche Riet Kuil (x\ties) there is a quantity of 
limonite filling irregular fissures in the crystalline limestone ; the 
limonite has a radiating fibrous structure, and is usually botry- 
oidal in form, with a black smooth surface. 

The newer group of pre-Table ^lountain Sandstone rocks, 
which we have called the Ibiquas Beds, occupies the north- 
eastern part of Van Rhyn's Dorp district, and the lower valleys of 
the Kromme, Kransgat, Hantam, and Doom (N.) (Willem's) 
Rivers in Calvinia. The whole system is inclined to the east-north- 
east in such a way that the lower rocks comprising it are exposed 
on the west of the area and the upper zones on the east. On the 
west, also, the beds are considerably disturbed and folded 
though they never exhibit the sharp folds which characterise the 
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older group in this neighbourhood ; eastwards tlie disturbance 
ceases, and the rocks lie almost, if not quite^ horizontal. 

The lower beds on the west consist oi dark blue, purple, 
brown, and black slates, and argillaceous sandstones, massive and 
well bedded, with a small amount, relatively^ of grits, arkose, and 
conglomerates; it is in these latter that we find a striking resem- 
blance to the rocks of the Cango in Oudtshoorn, where these 
peculiar beds become very conspicuous. In the east the upper 
^eds consist of dark coloured, usually bluish or purplish, shales 
and sandstones, regularly beddeiJ and moderately massive. Both 
sandstones and shales have a good deal of mica in them. The 
appearance at first suggests Bokkeveld Beds, but the sandstones 
are distributed through the shales without any definite order, 
whereas in the Bokkeveld rocks there is always a definite zonel 
of shale capped by a well-marked band of sandstone. The 
Ibiquas Series also appears to be much thicker than the 
Bokkeveld Series, though we did not measure the actual thick- 
ness. The sandstones are characterised by false-bedding and 
fine ripfile - marks ; tracks of animals occur, as well as 
worm casts, both small and large, up to an inch in diameter; 
some of the tracks are the markings of feet in regular double 
rows, sometimes also with a straight line between as if caused by 
the trailing of a heavy tail 

In the Van Rhyn's Dorp district, on the farm Diep Kloof, 
there are several bands of conglomerate from one to ten feet 
thick, which are interbedded with slates, grits, and arkose; they 
are found on the eastern slopes of the range of hills that extend 
fiom the Lion's Head, as the northernmost cliff of the Kobe's 
Mountain is called, to the Oorlog's Kloof River. At present 
this is the only locality in the north-w^st of the Colony where 
these conglomerates have been found. Their chief point of inte- 
rest is in the contained pebbles, which consist of slates, granite, 
quartz-porphyry, crystalline limestone, and vein-quartz. In one 
of the limestone pebbles there were a number of oolitic grains 
about the size of a grain of mustard seed. The grits 
are peculiar in appearance, and are of great assistance in mapping 
these beds. In a slaty matrix, grains of (juartz, fragments 
of slates, and other rocks up to ^-inch in length, are em- 
bedded; much felspar is present, and rocks occur which, by the 
increase in quartz and felspar, at the expense of the other con- 
stituents, are intermediate between the grit and arkose.^ The 
grits occur in Diep Kloof, on Vuur Fontein Extension and Kobe's 
Vlakte, all on the same line of strike, and on the northern part 
of the farm Zand Veld, which is some miles to the west. The 
country generally between the Zout River and the Bokkeveld 
Mountain is flat, and soil and debris cover the underlying rocks> 
so that it is not possible to follow the couise of the beds in 
detail. The arkose is closely related to the grits, and has been 
found only in their neighbourhood : such rocks are derived from 
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the denudation of a granitic region, and are different from the 
felspar rocks we called porphyroids which occur in a similar 
series of rocks in the Cango; in this particular case the fel- 
spar has undergone but little change, and is usually as fresh as in 
its original matrix. The gritty rocks have beqn met with only in 
the south-eastern part of the area occupied by the series^ and 
appear to underlie the sandstone and shales which form the bulk 
of the formation. 

From \'uur Fontein northwards the blue and purple slates 
form the greater part of the Bokkeveld Mountain escarpment, 
bemg covered by a sheet of Table Mountain Sandstone^ which 
becomes thinner and thinner towards Stink Fontein on the 
Doom River, where it disappears. For some five miles north of 
Stink Fontein, the hills (Middelberg, etc.), which rise from the 
fiat, coastal plain, and form the continuation of the Bokkeveld 
Mountain, are made of the Ibiquas sandstones and slates, as are 
also the rich valleys of the Kransgat, Hantam, and Doom Rivers, 
which lie behind the Bokkeveld Mountain and Middelberg. 
Over a large part of this area the beds have a moderate dip, gene- 
rally under 25°, and very rarely over 45°. In the Bokkeveld 
Mountain escarpment the unconformity betxVeen the Tabic 
Mountain Sandstone and the Ibiquas Beds is well seen at several 
points. Near Keizer's Fontein the escarpment has been cut back 
some little way, and in the nearly vertical cliff the junction of the 
almpst horizontal Table Mountain Sandstone with the Ibiquas 
sandstones and slates, which here have a dip of about 50° to the 
east-north-east, is exposed. Similarly, at the north end of the 
Bokkeveld Mountain, on Stink Fontein and Z welling Grebel, 
the unconformable junction can be plainly seen when one looks 
southwards from the Doom River, though the near approxima- 
tion of the underlying rock to the horizontal makes it at first 
sight seem to be a conformity. When the Bokkeveld escarp- 
ment is looked at from the west the unconformity is not obvious, 
on account of the strike of the two rocks being nearly the same. 
In the lower part of the Stink Fontein Poort the river runs along 
the axis of a gentle anticline. 

The sandstones and shales comprising the upper part of the 
Ibiquas Beds are well exposed throughout the wide area behind 
the Stink Fontein Poort, through wjiich run the lower c airses 
of the Doom (Willem's). Hantam. Kransgat Rivers, and others 
unnamed, which come from the north. A good locality for 
seeing them is on the road from Bokke Fontein to Doom River 
(X.), which descends from the level of the Bokkeveld :\rountain 
plateau to that of the Doom River, a height of som0 
1,200 feet. The rocks consist of alternating beds of sandstone 
and shale. The sandstone is mostly a moderately coarse, gritty 
variety, with much mica : it cleaves along the bedding-planes to 
form flags, seldom more than three inches thick. Aggregations 
of such thin beds, usually with more shaly beds between, make 
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up bands of sandstone, wliich at first give the series the appear- 
ance of Bokkeveld Beds, but the ledges of sandstone are re- 
peated too often, with too small a space of pure shaly beds be- 
tween, to make the resemblance at all close. It is on these sand- 
stones that the tracks of animals and worm casts occur plenti- 
fully. Deep liuted ripple-marks also are very common in 
tliis section; as is usual in South Africa, the sandstones are 
markedly false-bedded. The argillaceous beds are dark purple 
shales and slates, of varying degrees of induration, in w'hich 
flc.kes of yellow mica are very common. The pre- 
vailing colour of the rock is dark purple, weathering 
brown, and this applies to the whole thickness, unlike 
the Bokkeveld areas, where the different horizons have 
marked differences in appearance in the landscape. Tlie 
beds along the road dip 15° to the east-north-east, but a little 
way south there is a sharp dip of 60° to the south. To the east, be- 
tween this and Kareeboom Gebergte, there is a succession of flat- 
topped hills made of horizontal beds of this rock ; they are of all 
heights, from three and four hundred feet down to little mounds 
rising from the alluvium along the river; the smaller ones, as a 
rule, are rounded in the form of depressed cones, and. are joined 
in chains by low ridges. All round the south and east edges of 
the hollow behind Stink Fontein Poort the old shales form the 
lower slopes of the hills, the tops of which are made of Dwyka 
Conglomerate; tongues of the shales run up the streams, such as 
the Hantam and Kransgat, where excellent sections can be 
found. Where these two rivers join, a dolerite dyke 
traverses the shales, and crosses over the Hantam River at 
the beginning of the narrow part of the valley, and then follows 
the north bank of the river out into the flats in a north-westerly 
direction ; another dyke occurs by the house on Klomp Boomen, 
a short way to the north. Beyond Klomp Boomen the old 
shales are formed into high hills, the tops 06 which havte been 
levelled to the same height as the Bokkeveld Mountain. 

On the eastern and southern limits of the area of the Ibiquas 
Scries, behind the Bokkeveld Mountain, the beds pass under the 
Dwyka Conglomerate, and the junction is well shown in some 
of the river cuttings. The junction is somewhat puzzling, as the 
old rocks do not present an obviously eroded upper surface, but 
the conglomerate at places lies on a single continuous bed of 
shale or sandstone for twenty yards or more, giving the appear- 
ance, locally, of a perfect conformity. To the north the beds 
are faulted down against the granite of Bushmanland. The 
fault is seen at two localities in Calvinia, which are separa/ted by 
some seven miles of country covered by Dwyka Conglomerate; 
one is on Klomp Boomen and Job's Kraal, and the other is in 
the valley which runs westwards from Blom Poort to Ezel Kop 
Vlakte. The fault is well seen on the left of the Blom Poort 
stream ; the hillside is steep, and the fault is highly inclined to the 
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south. The sedimentary rocks dip away from it at a moderate 
angle, and are entirely unaltered at the contact with the granite, 
which fact^ together with the strongly-marked abutment of the 
beds. against the granite, clearly indicates the nature of the junc- 
tion- On Klomp Boomen and Job's Kraal two small valleys have 
been cut out along the course of the faulty the outcrop of which is 
seen on the neck between them. The course of the fault is about 
N. 50** W. In the Ezel Kop Vlakte valley the fault runs a few 
degrees south of west. The fault in both cases passes under the 
o\'erlying Dwyka Conglomerate, so that the bent portion of its 
outcrop^ if it is continuous, or the intersection of the two faults, if 
they are separate, cannot be seen. The fault on Ezel Kop 
Vlakte passes westwards across the red sand-covered country, 
which extends some miles south of Bushmanland; its course 
cannot be determined closely owing to want of outcrops. 

The Bokkeveld Mountain is covered with beds of Table 
Mountain Sandstone, which decrease in thickness northwards 
as far as Wolve Punt at the north boundary of the farm Zwelling 
Grebel, where the underlying Ibiquas slates constitute the entire 
thickness of the hills. The plateau extends far north of this, but 
has been eaten away by the Kromme and Doom Rivers, which 
meet at Stink Fontein; nevertheless, east and north of these 
rivers the plateau-form of the hills is continued, and 
since Dwyka times at any rate, the plateau has not been 
covered with even a remnant of the Table Mountain Sandstone. 
These slate hills occupy the farms Rondekop, Dol Kraal Plaat, 
Middel Berg, Sluk Valley's Hoek, Waterval, and Ezel Kop 
Vlakte, where the slates lie faulted agrainst the granite, and the 
plateau is continued by that rock. The country is charac- 
terised by the steepness and narrowness of the kloofs and ravines, 
which everywhere penetrate the mass of the hills, and strongly 
reminds one of the Cango district in Oudtshoorn, that is to say» 
if one looks at the form and nature of the country alone ; it diflfers 
from the Cango, however, by the absence of running water in the 
klcofs. 

Along the escarpment of the Bokkeveld Mountain the slates 
are well folded, and are pierced on Vuurfontein by dykes of 
dolerite, one of which runs up through the Table Alountain 
Sandstone. Very fine sections of the rock are exposed along 
the road that comes down Van Reenen's Pass, between Nieuw- 
oudtville and Van Rhyn's Dorp. The height traversed bv this 
incline is 1,500 feet, the top of the Bokkeveld Mountain being 
2,000 feet above the sea-level. The thickness of the Ibiquas 
Series, however, reckoning from the arkose and conglomerates 
to the top where they pass under the Dwyka Conglomerate, 
say, at Karree Boom Gebergte, is verv much sfreater. but the 
topography is so confusing about here and the folding introduces 
so many complications, that without the help of a good topogra- 
phical map, it is quite impossible to estimate how much must "be 
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added to the Bokkeveld escarpment section to give the whole 
thickness. Even could we know that, we only get an eroded 
surface as the upper limit of the Series^ and there are no data 
whatever at present by which allowance could be made for the 
portion swept away in prc-Dwyka itinies. The base also was not 
recognised. 

Lying on the gneiss south of the east end of Groot Klip hill 
there are two isolated patches of arkose composed of grains of 
dark glassy quartz and red felspar, and some small fragments of 
granite and gneiss. The rock is well bedded, the thickness of the 
beds varying from an inch or two to eighteen inches. The 
whole exposure is about 40 feet thick, and has an uniform dip 
of 10° to the south-east. The arkose lies 200 feet below the top 
of the gneiss of the Groot Klip hill. Owing to the isolated posi- 
tion of this rockj its relation to the other sedimentary rocks in 
the district is unknow/n. It is unlike any of them in lithological 
character, its closest analogue being the arkose among the old 
slates. The low levels at which it is found is evidence against 
its being a modified form of either the Table Mountain Sand- 
stone or Dwyka Conglomerate, for the bottom beds of these in 
this district lie several hundred feet above the level of the arkose. 
It is possible that the rock may belong to the low-est beds 
of the Ibiquas Series, but this is at present undecided, as the 
lowest beds of the latter are not yet known elsew^here. 

In the north-eastern corner of \^an Rhyn's Dorp and the adja- 
cent part of the Calvinia district there is a large area of Granite 
and Gneiss, part of the Bushmanland granite which extends to 
tJie Orange River The granite country is covered with red. sandy 
soil, forming extensive plains, from which rise hills of granite 
and gneiss. The red soil is largely composed of quartz and fresh 
felspar grains, with garnets in smaller proportion, and it is just 
these minerals which form the bulk of the granitic rocks in the 
district. The hills are scattered about without any apparent 
order; they are usually elongated in one direction, and have 
rounded outlines; some are capped by Dwyka Conglomerate, 
others by the shales above the conglomerate and their included 
dolerite sheets. 

The rock, as a rule, is a red gneiss, made up of irregular grains 
of quartz, felspar, and a little black mica ; garnet is nearly 
always present as an accessory mineral, and is sometimes very 
abundant. Hornblende is occasionallv present, replacing par- 
tially or entirely the mica. The following varieties occur, w^hich 
will be described with their localities: — biotite-gneiss, granulite, 
hornblende-granite, grey porphyritic orthoclase-granite, peg- 
n'atite, both white and red, the latter also with epidote, white 
garnet-granite and gneiss. All these varieties belong probably 
to one and the same age, as there is no clear evidence to the 
contrary. Such differences as exist are probably due to segrega- 
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tion ill the magma and to movements of the rock during 
and after consohdation. \\ hen exposed to the weather 
the rock splits along delinite planes which give rise to a 
well-bedded appearance, and in many places the pseudo-beds are 
so regular and well defined that the rock could be 
quarried like a bedded rock- An anticlinal axis runs 
through the gneiss which forms the pedestal of the Langeberg 
in a direction a little north of west ; the rock dips away on either 
side of this line at an angle of 15° to 25^ ; there are other folds in 
the district, but owing to the gneiss appearing as single kopjes 
out of the vast sandy plains, one cannot make out any order in 
the folding ; the prevailing dips, however, south of the Lange- 
berg are south and west. 

The hill Groot Klip is a typical example of a red gneiss kopje. 
It is about four hundred feet high, reckoning from the sandy 
plain at its foot, and extends in a west-north-w-est direction for 
about six miles. The gneiss dips a little west of south at is^- 
The south face is cut into by ravines in which good sections can 
be obtained. The gneiss is of the prevailing type, consisting of 
quartz and felspar in irregular grains, with a little black mica and 
garnet. The felspar is mostly a red orthoclase, wlliich gives the 
colour to the rock. To the east of the ravine, in which there is 
a spring after heavy rains, the rock becomes browner, and is 
composed of the same aggregate of quartz and felspar, though 
here the latter is white or dirty brown, with a considerable quan- 
tity of black mica in layers and scattered throughout the mass; 
a great deal of garnet is present with black mica, but the 
minerals do not form *' eyes." Near here, also, there is some 
giant pegmatite of red felspar and quartz with large rosettes of 
biotite. The quartz has a rounded appearance, but crystalline 
faces are present, and the felspar is moulded on them. To the 
east of the kopje, and a little distance away on the plains, there 
is an outcrop of a granulite composed of an aggregate of quartz, 
felspar, and garnet in rounded grains, w4th a certain amount of 
biotite. 

The Langeberg is a long mass of Dwyka Conglomerate and 
Shale resting on a base of gneiss. The latter forms a series of 
ridges on the sides of the hill, which are separated by deep water- 
courses, or by narrow, sandy valleys, in one of which stands the 
only house we saw between Van Rhyn's Dorp and here, a dis- 
tance of seventy miles. The country hereabouts is destitute of 
w.ater when the small amount that collects in the kloofs after rain 
has dried up ; permanent dwellings are, therefore, not required. 
North of this house there is in the ravine a fine sample of a 
biotite-gneiss vein traversing the red gneiss. The former rock 
is a dark aggregate of greenish quartz and felsoar. with flakes of 
black mica about :J-inch in longer diameter, and half that in the 
shorter, arranged parallel to the foliation planes in such a manner 
that, when the rock is broken across these, it seems to have no 
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almost entirely of mica ; the junction between the red gneiss and 
black biotite rock is quite sharp. Wells have been sunk on this 
vein in the hope of getting water, but without success. The 
gneiss parts readily along the foliation planes, breaking the 
reck up into beds which dip south and away from the centre of 
the Langeberg, that is, at the ea&t end they dip south-east, at the 
west, south-west. The road from Kromme River to Ibiquas 
Kiver passes over a nek between two granite hills capped 
with Dwyka Conglomerate. Here there is a fine pegmatite with 
white felspar and clear quartz intergrown ; it forms a vein in the 
general mass, w^hich is a brown hornblende-granite. It is re- 
markable that though the Dwyka Conglomerate on the hills 
about here is hardened by dolerite, which is now removed by 
denudation from this particular spot, but is plentiful in the 
neighbourhood, no dykes of dolerite should have been 
found in the granite. Dykes 06 the same type of rock as that of 
the sheets, and very possibly feeders of the great sheets, are 
found in the slate area close to the granite, but as far as we have 
seen none occur in the granite. 

Some interesting varieties of granite occur on Ezel Kop 
Vlakte. The farm, though extending over the flats, includes a 
good deal of ground in the granite hills, which have been cut to 
a level with the Bokkeveld Mountain plateau and covered with 
Dwyka Conglomerate. In the ravines which traverse these hills 
the various kinds of rock are well exposed. On the north, on 
the Witt Water side of the farm, the outer casing of the hills is 
the normal red gneiss, dipping w;est ; as one ascends the ravines 
that send the w^aters northwards to the Kromme River, the core 
of the mountain mass is exposed, and reveals granites and foliated 
rocks. The first is a white rock, with light-red garnets scattered 
throughout it; hand-specimens of the rock do not always show 
signs of foliation, but it is nevertheless divided into layers which 
dip parallel with the gneiss. In this zone, a little to the south of 
the ** werf," or camping-place of the farm, some fine hornblendic 
veins or dykes occur; the rock in these is an aggregate of quartz 
and felspar, and small well-formed prismatic crystals of horn- 
blende, in about equal proportions, while black mica, in largish 
flakes, forms a fourth, and less abundant, constituent; coarse red 
pegmatite, with patches of vivid green epidote, was also found 
here, but not in situ. In the innermost zone exposed, the rock is 
a massive, grey biotite-granite, with large tabular orthoclase 
crystals as much as three inches in length ; the best exposure of 
this is along the stream that flows from the plateau on Ezel Kop 
Vlakte and enters the Kromme River at Graaf Water ; it is this 
rock which is faulted against the Ibiquas Series. 

North of Klomp Boomen there is a small area of granite, 
bounded on one side by a fault running north-north-west, and 
letting down the slates against the granite, and on the other by 
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an overlapping mantle of Dvvyka Conglomerate; the outcrop is 
about eight miles long by one mile wide at its broadest. The 
rock has a light brown appearance when weathered, but in its 
fresh state is seen to be made of light brownish quartz and fel- 
spar^ with a very small amount of hornblende in minute specks. 

As to the age of the granite and gneiss, no direct evidence was 
obtained. That they were formed before the deposition of the 
Ibiquas Beds of the district is probable, since this group is partly 
composed of arkose, which may have been derived from the 
granite area, and conglomerates, containing pebbles which may 
have had a similar origin. The facts that the sedimentary rocks 
are faulted against this granite and gneiss, and that in no part of 
them are any signs of contact metamorphism met with, tend to 
confirm this view, although by themselves they are no proof of 
the relative ages of the two rocks. So far as the examination of 
the district has gone, no opportunities of deciding the relation- 
ship of the granitic series to the Malmesbury Beds has occurred^ 
but it is not unlikely that along the coast evidence on this poirtt 
may be found- As the conditions here seem to be the same as in 
the country further south, it is probable that the granite is intru- 
sive in these rocks. 

The Table Mountain Sandstone covers a large part of the 
area dealt with in this Report. From the Cederbergen, in the 
south, to the north end of the Bokkeveld Mountain, the outcrop 
is continuous, and from Lambert's Bay to the Doom River 
Bridge, a distance of about fifty miles, the sandstone occupies 
the whole country, with the exceotion of a narrow strip of Bokke- 
\eld Beds faulted in near Clanwilliam, and possibly also an inlicr 
cf older rocks in the sandy country round Jakal's River. North 
of the Oliphant's River, however, the width of the Table Moun- 
tain Sandstone outcrop rapidly diminishes, and the coastal plains 
are made of granite and Malmesbury Beds. 

Near Clanwilliam village the sandstone is thrown into several 
folds, but the dips are sli,e^ht, rarely rising above 20°. The trend 
of the folds is nearly north-west. The Olifant's River between 
Clanwilliam village and the junction with the Doom River fS) 
runs along a synclinal axis. Near the village the north-east l.nib 
of the svncline is replaced by a fault which lets down the Bokke- 
veld Beds. The fault is seen in section on the south of the road 
over the Pakhuis Pa<s, at Patrys Vallev ; it is steeply inclined 
towards the west, that is. towards the downthrow, and the out- 
crop is marked by a hard breccia. 

The sandstone forming the northern part of the Cederbergen 
is folded in a wide anticline, and the absence of sharp folds dis- 
tinguishes the range from the mountains along the southern 
coast in direct continuity with it. The axis of the Cederbergen 
fold in the southern and central parts of its course runs about 
iiorth-north-west. West of the OHfant's valley the .sandstone lies 
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at lower angles than in the Cederbergen, and has evidently been 
but little disturbed. 

F^-om the Cederbergen^ in a north-westerly direction, the Nar- 
douw's Mountains and Gift Berg owe their present form on their 
western sides to the denudation effected by the Olifant's River, 
which runs almost at the foot of their cliffs. The sandstones 
composing them have north-easterly dips up to io°. Where 
the Doom River (S.) leaves the Gift Berg the sandstone is almost 
vertical, but this is probably due to a local fault which has no 
general importance. At the north-western end of Gift Berg the 
'I'able Mountain Sandstone outcrop takes a bend to the east, 
towards the Kobe's Mountain, which extends in a northerly 
direction towards the Bokkeveld Mountain. Between the Gift 
Berg and Kobe's Mountain the sandstone projects north-west- 
wards in a tongue-shaped outcrop, giving rise to the table-like 
Matsiekamma, which rises over 2,000 feet above the Van Rhyn's 
Dorp plains. 

The sandstone of Kobe's Mountain proper is on a level with 
that of the Bokkeveld Mountain, but as it is not more than 200 
feet thick here, it has been cut through by two kloofs, the Diep 
Kloof and Klein Kobe River's Kloof, thereby exposing the under- 
lying Ibiquas Beds. The sandstone of Kobe's Mountain dips 
east, and at Vyge Kraal's Fontein it has sunk to the level of the 
Oorlog's Kloof River, so that the outcrop is continuous with the 
Table Mountain Sandstone of the Bokkeveld Mountain. Be- 
tween Diep Kloof and Klein Kobe's River Kloof, however, there 
are two outliers of sandstone forming Tyger Berg and Palmiet 
Fontein's Berg, w'hicli arc included on the maps in the Kobe's 
Mountain. The Oorlog's Kloof River, somietimes known as 
Kobe's River, cuts down into the Ibiquas formation from a short 
way north of Krom Vlei to Vyge Kraal's Fontein ; the rest of its 
course in this neighbourhood is on Table Mountain Sandstone, 
and at its junction with the Doom River (S ) its bed is made of 
that rock. 

The Bokkeveld Mountain extends from Krom Vlci (Klein 
Kobe) to Stink Fontein. a distance of about thirty-four miles. 
It would be better described as an escarpment, for the western 
face rises precipitously about 2,000 feet from the plain, 
and the top slopes gently to the east, so gently, in fact, as to p-iv<^ 
the appearance of a flat plateau; the slope of the surface agrees 
in direction with the dip of the sandstone, but is at a smaller 
angle. The dip seems generally to be about 5^. The sandstone 
forms the top part only of this mountain ; on the south it is under 
200 feet thick at the cdjre of the escarpment, and gradually 
lessens in thickness till at Stink Fontein it thins out altogether. 
Wherever it occurs it imparts to the mountain the characteristic 
aspect of Table Mountain Sandstone country, and the vegetation 
known collectively as " Heideveld," or " heathvcld." of which 
also large Proteas make up a great part, is that which is every- 
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fvhere found associated with Table Mountain Sandstone. We- 
have as yet found no outlier of Table Mountain Sandstone 
directly west of the Bokkeveld Mountain. 

The eastern boundary of the sandstone iu somewhat compli- 
cated in outline along its southern part, owing to the presence of 
slight folds and a fault. On Koender Fontein the Bokkeveld 
Beds are let down, so that the Second Sandstone in that forma- 
tion (^) is in contact with Table Mountain Sandstone. The fault, 
of which only the northern portion was seen, runs N. 35° W. 
The rivers about here cut down through the overlying Bokke- 
veld Beds, exposing tongues of Table Mountain Sandstone, 
which run back into the Bokkeveld area, while a complete inlier, 
nine miles long, is exposed along the Doom Bosch River or 
Boter Kloof valley, the river valley being formed on both sides 
by escarpments of Bokkeveld Beds. The outcrop of the Table 
Mountain Sandstone turns eastwards at the north end of the 
fault, and after a further bend to the north, crosses the Doom 
River (S.) near the Doom Hoek bridge, and thence follows a 
north-north-westerly direction to Wolve Punt, between ZweJling 
Grebel and Stink Fontein, at the end of the Bokkeveld Moun- 
tain. Between Hoender Fontein and Matjes Fontein (a farm on 
the south or left bank of the Oorlog's Kloof River) the Table 
Mountain Sandstone is conformably overlain by Bokkeveld (*) 
Beds, which form its eastern boundary. The two formations dip 
eastwards at a very low angle. The passage from the one to the 
other has not been found exposed in any natural sections in this 
district, although the Doom River and several small streams 
traverse the boundary. In the case of each stream we examined, 
the neighbourhood of the boundary was marked by low bank* 
and accumulations of sand or mud. 

From Matjes Fontein to Bokkc Fontein the Dwyka Conglome- 
rate rests unconformably on the Table Mountain Sandstone. Tlie 
conglomerate lies flat, or with a very slight dip to the eastward, 
upon the sandstone, which dips at about 5° in the same direction. 
North of Bokke Fontein the eastern^ boundary of the sandstone 
is marked by ,the commencement of the steep slopes of the 
Bokkeveld Mountain, and the sandstone is bounded by the 
Ibiquas Beds lying unconformably beneath, in the same way as 
on the western face of the mountain. 

In lithological character the Table Mountain Sandstone of 
this district closely resembles the same series in the south of the 
Colony, but is less frequently quartzitic. In the Bokkeveld 
Mountain it has a great many thin beds of conglomerate, com- 
posed of white quartz pebbles. The peculiar rough and jagged" 



C) The Sub-divisions in the Bokkeveld Beds proposed in Ann. Report, 1897, 
p. 64. are found to apply to the beds in CUnwilliam 

(^ The Bokkeveld Beds were named after the Warm and Cold Bokkrvelds in 
Ceres, tirhcre thev pre well developed. As de«cribf d above, the Bokkeveld Beds- 
have no part in the constitution of the Bokke%'eld Mountain. 
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surfaces, such as may be seen on the top of Table Mountain, are 
met witli throughout the area occupied by the rock in Clan- 
wilHam^ Van Rhyn's Dorp^ and Calvinia. 

At Lambert's Bay the Table Mountain Sandstone is seen on 
the beach, forming a shore whicH closely resembles that along 
the Bredasdorp coast. The rock is a hard grey or brownish 
quartzite and sandstone, with beds of conglomerate, in places as 
much as ten feet in thickness, containing pebbles of all sizes up 
to four inches in diameter. The pebbles are made of vein-quartz, 
quartzite, quartz-schist^ slate, and red and brown banded jasper; 
the order in which they are named is that of their comparative 
abundance. The occurrence of the jasper is of interest, as locali- 
ties from which the jasper may have been derived are known in 
Frieska and Griqualand West, and rocks of this kind are not 
known to occur nearer. Although the sandstone throughout the 
district frequently contains layers of small pebbles, and also 
isolated pebbles, beds of conglomerate like those at Lambert's 
Eay have not yet been met with elsewhere. 

. False-bedding is seen wherever a good exposure of the rock 
is found. Particularly fine sections showing it are seen on the 
east of the Pakhuis Pass. On the Pakhuis Pass a shale-band in 
the upper part of the Table Mountain Sandstone is about 200 feet 
thick. In the examination of the Ceres district two important 
bands of shale were found in this series, one near the bottom, and 
the other near the top; the Pakhuis rock belongs to the latter. 
It has been followed from the Hex River Mountains round the 
WsLVin Bokkeveld and through the Cold Bokkeveld into the 
Cederbergen. It has also been noticed in the French Hoek 
and Drakenstein Mountains, but not in the mountains east 
of these. The outcrop is always marked by a bush-covered slope 
with dark red soil, frequently immediately below a steep escarp- 
ment of sandstone, and can be easily recognised at a distance. 
Exposures of the rock are very rarely met with, except along 
roads cut across the outcrop, for the shales offer but little resist- 
ance to the agencies of denudation, and become covered with soil 
and debris fallen from the overlying hard sandstones. Generally 
the rock is a grey shale, which weathers brown, red, or 
yellow, like some oS the shales in the Bokkeveld Series; 
but on Pakhuis, where the rock is exposed on each side of the 
summit of the Pass, it is a gfreenish sandy mudstone. with 
pebbles scattered through it. The rock is more fully described in 
another place (see p. 78). 

The maximum thickness of the Table Mountain Sandstone in 
this district has not yet been measured. It seems probable that 
the sandstone north of the Pakhuis Pass, between the Malmes- 
bury Beds of the Olifant's River and the Bokkeveld outlier of 
Frederick's Dal, is not so thick as we have estimated the Table 
Mountain Sandstone of th-e southern ranges to be. In the Calvinia 
■division a traverse between the bed of the Oorlog's Kloof River, 
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where the underlying slates have been exposed, and the junction 
with the BokkeveldBeds onMatjes Fontein, passes over the whole 
thickness of the sandstone. The river runs in a precipitous 
gorge, and no means of accurately measuring the section were 
available. To account for all the observed phenomena in the 
neighbourhood of Kobe's Mountain a thickness of 2,000 feet of 
sandstone would suffice, but it is very difficult to make any esti- 
mate here, as on the west so much has been removed by pre- 
iJwyka denudation. North of Matjes Fontdn the thickness 
throughout the whole width decreases owing, in part at least, to 
the denudation of the sandstone before the deposition of the 
Dwyka Conglomerate. About fifteen miles north of Matjes 
Fontein, on the farms Bokke Fontein and Os Hoek, the iable 
Mountain Sandstone is exposed in a cliff-section overlooking the 
Doom River (S.) valley. The sandstone is about ten feet thick, and 
lies between the Dwyka Conglomerate above and the Ibiquas 
Beds below. Towards the east this band of sandstone disappears,, 
so that the Dwyka Conglomerate lies directly upon the Ibiquas 
Beds. The sandstone preserves its characteristic features even in 
this thin outcrop, and can be seen from a distance of many miles 
as a white band between the dark rocks above and below. The end 
of the Bokkeveld Mountain is some eight miles 
north-west of this cliff-section on Os Hoek, and the 
Table Mountain Sandstone is about five feet thick 
at Wolve Punt, the end of the northernmost krantz 
on Stink Fontein. It c«ppears probable that the sand* 
stone was once continued northwards on Middelburg and Sluk 
Valley, but was removed by denudation before the Dwyka 
Conglomerate was deposited. The western face of the Bokke- 
veld Mountain and the mountains which continue the same 
escarpment towards the south afford a long section of the lower 
part of the sandstone. As already stated, at the northern end the 
rock is only five feet thick; near Van Reenen's Pass, some fifteen 
miles to the south, it is about 50 feet, or a little over, and at the 
end of Matsiekamma, which is an outstanding portion of the 
escarpment, it must be nearly 1,000 feet thick. This southerly 
increase in thickness is made obvious on the edge of the escarp- 
ment by the lowering of the floor on which the sandstone rests, 
while the surface remains at about the same level : Matsiekamma, 
however, is higher than the escarpment near Van Reenen's Pass. 
From certain points at a considerable distance from the moun- 
tains, and to the west of them, a continuous view can be had of 
the Table Mountain Sandstone, from the northern extremity, 
where it thins out, to the great masses of the Cederbergen, where 
it must be at least 3,000 feet in thickness. 

The only igneous rocks we found associated with the Table 
Mountain Sandstone were two dykes of dolerite, belonging to the 
same series as the great intrusions of the Karroo. One dyke is 
at the edge of the Bokkeveld escarpment at Keizer Fontein, and 
the other stretches in a north-westerlv direction for some miles. 



Digitized by 



Google 



38 

through the farms Frederick's Dal and Papenkuii's Fontein 
(Clanwilliani). 

Some varieties of Table Mountain Sandstone yield an 
excellent building stone. On the top of the Bokkeveld Moun- 
tain, especially at Nieuwoudtville, a large quantity has been 
quarried; the rock is brilliantly white, hard and granular, and 
buildings made of it have a very handsome solid appearance. 

On the question whether the Table Mountain Sandstone 
passes under the Karroo, and so underlies the whole central por- 
tion of Cape Colony, the present work sheds no very clear light. 
It is certainly true that the Tabic Mountain Sandstone does not 
lie between the old slates and the Dwyka Conglomerate east and 
north of Stink Fontein Poort, but that it has been removed by de- 
nudation before the deposition of the Dwyka. It is possible that 
the sandstone in a similar manner is cleared away from below 
the Karroo rocks at a certain distance inwards from the Dwyka 
outcrop, but we have as yet nothing to support the idea. One im- 
portant conclusion, however, as a result of this work, is that the 
Table Mountain Sandstone does not necessarily underlie the cen- 
tral Karroo. In the north, betw^een the Kenhardt boundary and 
the village of Hope Town, there is also no trace of Table Moun- 
tain Sandstone below the conglomerate; the sedimentary rocks 
that do underlie it there are probably much older than the Table 
Mountain Sandstone, as the jasper, which characterises certain of 
these, is found as included fragments in the Table Mountain Sand- 
stone at Lambert's Bay in Clanwilliam. 

The Bokkeveld Beds occupy a comparatively small area in 
tne district surveyed this year. The western limit of the main 
mass of the formation has already been mentioned as lying be- 
tween Hoender Fontein and Matjes Fontein. In character the beds 
are similar to those of the Ceres Bokkeveld and the Hex River 
valley. At the base of the series there are some 200 feet of shales 
with thin sandstones, capped by a band of sandstone 
weathering red; both the shales and the overlying sandstone 
contain fossils, such as Lcptococlia flabellites, Phacops, Homalonotus, 
CleidophornSy Strophotnena, and crinoid stem-joints. The Red or 
Fossiliferous Sandstone is succeeded by a band of shale some 50 
feet thick, capped by a sandstone weathering white, which we 
have called the Second Sandstone; this second shale group also 
contains fossils. In the Frederick's Dal outlier there was found a 
mass of limestone with nodules in it, giving the rock the appear- 
ance of a conglomerate ; the nodules contain rolled up Phacops 
and parts of Homalonotus, while crinoid stem-joints and fragments 
of other organisms are found in the limestone miatrix. The 
nodules must have been formed before the deposition of the 
matrix in which they are embedded. The limestone was not 
obtained in place, but in such a position on the slope of a hill that 
It must have come from the second band of shales. A third band 
of shales capped by a white sandstone (Third Sandstone) occurs, 
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with a fourth above it, again capped by white sandstone (Fourth 
Sandstone). Above this, in the extreme south-east « of the 
district, there are beds of sandstone, which probably belone 
to the Witteberg Series. These were, however, not examhwa. 
On Klip Fontein, Onrust, and Drie F'ontein, in Clan- 
william, the above succession of beds is again seen, 
'llie beds lie at moderate angles, generally less than 15°, and give 
rise to a peculiar landscape, by reason of the flat-topped hills 
with steep, bare sides, on which the various ** defining " sand- 
stones appear in never-varying succession. In the Calvinia dis- 
trict, immediately north of the Doom River (^) (S.), the whole 
series up to the F^ourth Sandstone is displayed in Boter Kloof and 
the surrounding hills. 

Between the main Bokkeveld outcrop and NardouVs Moun- 
tains there are several outliers of the Bokkeveld Beds. The 
largest stretches north-westwards from Elizabeth's F'ontein, to 
Fapenkuil's F^ontein, occupying a considerable part of Frederick's 
Dal. On the south-west side this outlier is faulted down against 
tne Table Mountain Sandstone for a distance of some three miles, 
otherwise it lies in a shallow syncline. Isolated kopjes, capped 
by the Fossiliferous Sandstone, and in one case by the Second 
Sandstone, occur in the area. A second outlier lies about 
a mile north-east of the upper farm on F>ederick's Dal ; it forms a 
table-shaped hill, capped by the Fossiliferous Sandstone, and 
rests on the slope of an anticline of Table Mountain Sandstone 
Ihe third outlier is at the junction of Melkbosch Rug and Papen- 
kuil's Fontein ; it is a conical hill, capped by the Second Sand- 
stone, with a conspicuous shelf half way up, due to thfe Fossili- 
ferous Sandstone. Two other outliers occur on the farm Bloem 
Fontein on either side of the Doom River. In the neighbour- 
hcod of Clanwilliam, between Jan Dissel's River and Baker's 
Location, there is an elongated area of brown shales and sand- 
stones, under which the Table Mountain Sandstone dips on the 
south-western side, and which is faulted against the Table Moun- 
tain Sandstone of the Cederbergen and Nardouwfs Mountain 
on the north-eastern side; these shales and sandstones belong to 
the Bokkeveld Series. The so-called Karroo hill is part of this 
area. Fossils are found in these rocks, but we were unable to 
obtain any. 

The Witteberg Series occurs in the south of the district 
under consideration, and then forms only a few small outliers, 
which are described in the Report on the Cederbergen- 

The DvvYKA Series in Calvinia extends along the west edge 
of the district, from the south boundary to the Langeberg; from 
the top of this mountain w-e saw hills composed of this rock ex- 
tending far north into Bushmanland. The junction of the Dwyka 
Series with the older rocks is in the Ceres Karroo a perfectly 

(*) See note on p. 21. 
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conformable one, and the VVitteberg Series of the Zwart Rug 
clips under the Dwyka Series of the plains at a fairly high angle. 
In the south of the Calvinia district the strata of the hills forming 
the continuation of the Zwart Rug are lying fiat; the Witteberg 
recks become thinner and thinner northwards owing to the de- 
nudation they underwent in pre-Dwyka times. The Bokkeveld 
Beds are^ therefore, unconformablv overlain by the Dwyka Con- 
glomerate to the north of the Witteberg outcrops. The gap in 
the normal succession between the Dwyka and the underlying 
rock becomes wider and wider as it is followed northwards, in 
such a way that lower and lower beds of the Bokkeveld Series 
are in contact with the base of the Dwyka, then Table Mountain 
:3andstone, then the Ibiquas Beds below that formation, and 
finally granite. It was unfortunate that we were unable from the 
Karroo side to reach the exact locality where the conformity at 
the base of the Dwyka Conglomerate ceases, but it is probably 
to be found along the Doom River, between the Tanqua and 
Brak Rivers. From the east side of the farm Drie Kop the boun- 
dary line between the Dwyka Conglomerate and the Bokkeveld 
Beds turns round to north-west, and continues in a nearly straight 
line in this direction for thirty miles. The Bokkeveld Beds rise 
from the plain of Dwyka Conglomerate as a continuous plateau 
of shale, capped with one of the upper sandstones, to a height oi 
about two to three hundred feet, and the Dwyka Conglomerate 
has the appearance of having been originally deposited at the 
foot of these cliffs. A glance at the drainage system, however, 
at Once show,s that this was formed at a time when the Dwyka 
plain was on a level with the tops of the present Bokkeveld hills, 
as the Draai Kraal River runs uninterruptedly across the boun- 
dary of the rock systems from the lower country and through the 
higher; hence we see that the elevation of the Bokkeveld Beds 
above the present level of the Dwyka Conglomerate in the plains 
is due to the former rock having a bed of hard " defining " sand- 
stone lying horizontally above it, which has arrested its denuda- 
tion. 

Speaking of river drainage, it may be worth while 
to mention in this connection a case of the deflection 
of a river course in an area of unequal denudation, such as is 
afforded by the large pan or shallow lake on the farms Poortje 
. and Donker Gat. The pan is directly in the course of the north 
branch of the Bosch River, as it flows from the Roggeveld to the 
Dcorn River. It lies at the foot of the Bokkeveld hills, which 
are cut through by a valley as if to allow of the passage of the 
river, and which undoubtedly allowed the main river to pass 
through at no very distant date. At a certain stage, however, 
in the development of the river the weathering of the Bokkeveld 
Beds did not keep pace with the weathering of the Dwyka Con- 
glomerate of the plain, and the north branch of the Bosch Rivef 
was obliged to shift its course, and make a turn along the Bokke- 
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veld hills till it reached the south branch, and the two togetlle^ 
then passed through the Bokkeveld hills. The old course be- 
tween the deflection and the obstruction of the river is now 
marked by the extensive shallow lake, nearly three miles in its 
longest diameter, and which is now considerably above the level 
of the present river-bed ; it is an interesting record of the struggle 
of the river to pass the obstruction, and is one of the few cases 
where the origin of a pan can be clearly traced. 

The Bokkeveld ridge overlooking the Dwyka plain extends as 
far north as the farm Plat Fontein, where the conglomerate 
somewhat abruptly becomes harder, and rises above the level of 
the ridge. The western boundary of the Dwyka Conglom-erate 
here is an escarpment of hard conglomerate, wieathering very 
like dolerite. From Koedemoer's Fontein, where the change 
begins, the Dwyka-Bokkeveld boundary continues in a north- 
west direction, but less regularly, and the conglomerate hence- 
forward lies at the same or at a higher level than the older rocks 
at this junction. 

On Alenzie's Kraal, a few yards west of- the Xieuwoudtville 
road, the surface of the Bokkeveld Sandstone near the junction 
has an appearance suggestive ot ruches moutowiees ; 
the sandstone rises from beneath the conglomerate 
in rounded surfaces, the taces sloping north-north- 
east, whereas the bedding-planes of the rock dip at 
a low angle to the east, and are, therefore, cut across. 
There were no scratches on the rocks //[ situ, but a displaced block 
showed distinct striations. The conglomerate was seen in sec- 
tion about twenty yards from the exposure of the sandstone. 
Following the boundary northwards, at Matjes Fontein there are 
two dykes of dolerite that cut through the Dwyka Conglomerate, 
and consequently the Bokkeveld Beds below, but we were un- 
able to trace the dolerite across the r>okkeveld on the surface. 
At the north end of Matjes Fontein the Dwyka Conglomerate 
lies directly on the Table Mountain Sandstone. A section showing 
the unconformity is seen in the bed of the Oorlog's Kloof Ri\-er. 
North of this, at Nieuwoudtville (Groen River) and Willem's 
Kiver (Klip River), the boundary of the Dwyka Series is covered 
by wide tracts of rich surface deposits, derived paitly from the 
sandstone, partly from the dolerite, and partly from the Dwyka 
Conglomerate, w^hich directly underlies the soil ; Dwyka boulders 
are found plentifully on the surface. At Avontuur the first of the 
Dwyka outliers occurs : it lies on Table Mountain Sandstone, and 
the outcrop of the main mass of the Conglomerate curves round 
it with a strip of sandstone between. At Bokke Fontein, the 
ne?:t farm to the north, the Dwyka is present as a thin lavcr over- 
lying the Table Mountain Sandstone of the Bokkeveld Mountain. 
The plateau of which Bokkeveld Mountain is a part, is cut 
through by the Doom River at the Stink Fontein Poort. and the 
continuation on the north side shows no Table Mountain Sand- 
stone, but only Ibiquas Beds and granite, on which the Dwyka 
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Conglomerate lies at the same level as on the south- On the east of 
this plateau there is a wide hollow cut out by a number of rivers — 
theVviliem's, llantam, Kransgat, Klomp Boomen, and Job's Kraal 
Rivers — which join before the Stink Fontein Poort to form the 
Doom River (N.)^ and the Dwyka boundary therefore forms a 
deep bay round the souths east^ and north sides of the hollow. 
From Bokke Fontein the Dwyka Conglomerate runs eastwards, 
past Brand Kop, Klip Bak, to Welbedacht Gcrustheid. This line 
lies along the steep escarpment of the hills facing the hollow; 
the lower slopes are made of the Ibiquas slates, and as far as the 
Willem's River there is a thin krantz of Table Mountain Sand- 
stone above these. The Dwyka Conglomerate, never more than 
a hundred feet thick on the cliff, forms part of the top of the 
escarpment, the actual top being formed of a thick sheet of dole- 
rite. The igneous rock is jointed vertically and horizontally, but 
tile joints are not sufficiently regular to give rise to a columnar 
structure. In one of the kloofs running up from Brand Kop to 
Dwas Douw the dolerite has induced a stron^^ly marked columnar 
structure in the underlying Dwyka Conglomerate; the 
columns are nearly vertical, with smooth faces: each column 
approximates to a hexagon in section; the horizontal cleavage is 
weak, but sometimes ball-and-socket jointing is faintly developed. 
The jointing here is without doubt due to the baking of the con- 
glomerate by the igneous rock and its subsequent contraction 
in cooling. The height of the columns is about eighteen feet, and 
their bases are sharply separated from the unaltered conglomerate. 
The outcrop of the columnar Dwyka was followed for half a mile 
up the kloof, where it becomes thinner; at the head of the kloof 
the dolerite covers all the underlying rock with its debris; the 
columnar structure appears on the opposite side of the kloof, 
where the debris on the hill-slope has been cleared away. 

From Welbedacht Gerustheid the boundary trends north; the 
conglomerate from here is thicker; it still rests on a lloor of 
Ibiquas Beds, and hence the boundary runs up the rivers where 
these have cut down through the Dwyka Conglomerate. Although 
on this eastern side of the hollow, the dolerite does not now cap 
the conglomerate, there is evidence that the igneous sheet once 
extended all over here, and it is actually found about a mile away 
from the face of the escarpment. The main proof of this is the 
baked condition of the upper part of the conglomerate, the lower 
half being the ordinary blue mudstone with boulders, and the 
upper a hard indurated rock weathering in a roughly columnar 
fashion, and producing at the top of the escarpment a steep 
krantz, from 30 to 50 feet high, looking like a sheet of dolerite 
when seen from a distance. The northern limit of the hollow 
lies on Job's Kraal, but there is no sharp line of escarpment 
here, since the land rises gradually to the level of the con- 
glomerate, and the boundary sweeps round in an 
i'-regular curve from the north of Klomp Boomen, through Job's 
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Kraal, to the south of Waterval. The topography is very per- 
plexing here, and the available maps very inadequate, so that the 
boundary was not put down with any great accuracy. The diffi- 
culties were increased by the Dwyka Conglomerate at places 
assuming the columnar structure,- and standing out as bold pali- 
sades on the brows of the hills. A hill called Hoed (Hat) Kop is 
a type of this structure ; it is the one on which stands the common 
beacon of the farms Job's Kraal, Koopman's Kloof, and Blom 
Toort, and is so named because it has the appearance of being 
capped by an immense high hat ; elsewhere the conglomerate is 
soft, and the junction between it and the underlying rock is not 
clearly seen. 

The farm Waterval lies in the continuation of the Bokkeveld 
Mountain plateau, which extends to near the Kromme River; 
the surface of the plateau is covered by a layer of Dwyka Con- 
glomerate. Between Ezel Kop \Takte and Witt Water in this 
area the conglomerate is a quartzite-like rock, with smah pebbles 
of the usual varieties ; the rock is grey-blue in colour, weathering 
to brown, with curious concentric zones where the colour- 
ing matter has concentrated. On the west the conglomerate 
rises in an escarpment forming a long hill about one hundred and 
fifty feet high, perched on top of the plateau and trending a little 
north of west. 

North of the last-mentioned place the main boundary of the 
Dw^yka is exceedingly irregular, running east to Onderste Cam- 
dini, and from there north as far. as Brak River, where we left off 
mapping. I'he country consists of sandy plains along the course 
of the Kromme River, above w:hich rise hills of granite. On the 
east the granite is capped by the Dwyka Series, which again in 
places is surmounted by a dolerite sheet; each stream and river 
r.ourse cuts down through the conglomerate to the granite below, 
causing the latter rock to form tongues running into the con- 
glomerate area. The Dwyka Conglomerate is locally hardened 
by contact with the basic intrusions, though the latter have to a 
great extent been cleared away, and in places the conglomerate 
has a columnar structure, never, however, so perfect as at Dwas 
Douw. A f^w scattered outliers of Dwyka rest on granite 
pedestals along the Kromme River, and the Langeberg is of' the 
same nature though it is capped by dolerite and the ni^her beds 
belonging to the shales above the conglomerate. This Lange- 
berg is an isolated hill fifteen miles long; there are two sheets of 
dolerite in it; the lower sheet has veins of fine-grained material, 
and is also very irreg^ular, in parts thinning out to nothing, at 
others thickening to too feet or more, but in the latter case there 
may be several bands or sheets of dolerite tOG:ether. Contact 
metamorphism is well shown in the sections available at the junc- 
tion of this lower sheet, with the black shales above the Dwyka 
Conglomerate ; the latter are bleached and spotted in a very 
characteristic way, while other beds become quite like hornstone 
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The matrix of the conglomerate is generally a blue mudstone, 
consolidated into a fairly hard rock, and this may become harden 
apparently by deposition of silica and iron oxides, as on theplate;i»^ 
above Ezel Kop Vlakte; or it may be baked to a somewhat 
similar condition by dolerite, as at Dwas Douw, Kareeboom Ge- 
bergte, Kransgat, &c., or it may be an easily disintegrated miid- 
stcne. Concretions are often found in the unaltered matrix ; these 
are spherical masses in which the material has been hardened by 
tht deposition of carbonate of lime ; they weather out in hard, 
rounded lumps, flattened horizontally, and varying in size from a 
ciicket ball to masses a couple of feet in diameter; they usually 
have a quantity of small pebbles embedded in them, which, when 
the concretion has weathered out, show as excrescences on the 
otherwise smooth surface. As far as we could judge the concre- 
tions do not occur in the lower zones of the conglomerate; the 
best place for seeing them is at Leeuwen Riet on the road from 
Calvinia to Niewoudtville. 

An important variety of the conglomerate is that in which the 
matrix is a dark blue or black shale, with the boulders and 
pebbles distributed through it as in other varieties, and without 
any arrangement in bands. This rock is met with at various hori- 
zons in the Dwyka Series. At Oorlog's Kloof River, where the 
junction 06 the Dwyka Series with the Table Mountain Sand- 
stone is exposed in the river-bed, the lowest part of the series is 
of this shaly nature. On Matjes Fontein, a farm on the south 
bank of Oorlog's Kloof River, the same rock is shown in section 
on the banks of a small tributary of the river. While further south 
the base of the conglomerate is of the usual massive unbedded 
variety. In other parts of the district the shaly conglomerate 
only occurs at some distance from the base of the series, but its 
exact position varies, and it may be absent. 

The boulders and pebbles in the conglomerate are usually sub- 
angular, and many of /them are scratched and more or less 
facetted ; the finest examples of striated pel)bles are found among 
those that have broad and flat forms- In size the fragments vary 
from small grains up to boulders several f^et in 
diameter, the larger ones are more or less rounded, 
and often scored in the usual manner. Large and small 
fragments constantly occur in close proximity, and no general 
arrangement according to size can be detected. It is usual to 
find one or two large boulders in an exposed section, with small 
pebbles scattered through the rest of tbe rock. In a section of 
the conglomerate on a hill-side north of the frrm Van Wyk's Vlei, 
in the south-western part of Calvinia, a band about thirty feet 
thick contains more numerous, and, on the whole, larger boulders 
than are usually found in any one portion of the rock. The 
boulders are from^ two to five feet in dianeter, and consist mostly 
of granite, diabase, sandstones, quartzit' s. and limestones. Many 
of them are well striated. The conglomerate both above and 
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below this band is of the usual character, with rather widely 
scattered large boulders and many small pebbles. Many varie 
ties of rocks have furnished these fragments — granite, gneiss, 
quartz-porphyries, amygdaloidal porphyrites, diabases, amygda- 
loidal diabases, jaspers, quartzites ofc various kinds, sandstones, 
conglomerates, and vein-quartz. The distribution of these rocks 
is not uniform, but some varieties are particularly abundant in 
certain areas, while others are absent, or but meagrely repre- 
sented in those places. Thus, between Willem's River and Klip 
Rug Kop, brown quartzite and sandstone fragments are very 
numerous, while comparatively few pebbles of granite and basic 
igneous rocks are found. These brown sandstones may have 
been derived from the denuded Bokkeveld or Witteberg Beds in 
this area, or from the Ibiquas formation to the north, parts of 
A\-!hich are undistinguishable lithologically from parts of the 
former. North of Klomp Boomen amygdaloidal diabase, dark 
quartzite, granites, and a peculiar serpentine were the most im- 

?ortant rocks in the conglomerate. Near Leeuwen Riet, on the 
)orlog's Kloof River, there is a large proportion of dark quart- 
zites and conglomerates with pebbles of jasper, such as we found 
in situ in the Ezel Rand in Prieska ; while at Naresie, some ten 
miles to the north, diabase and quartz-porphyries are particularly 
noticeable. • 

The conglomerate when unaffected by the intrusive dolerite is 
an indurated boulder-clay or till, exactly like that of 
Prieska and Hope Town. Taking into consideration the similarity 
of the shales succeeding the conglomerate in both areas, it is 
certain that the rocks in the two districts are parts of the same 
series as was first stated by E. J. Dunn in 1886 (0- Where the con- 
glomerate has been hardened by the dolerite, or through other 
causes, it bears a close resemblance to the typical Dwyka Con- 
glomerate of the south of the Karroo, with which it is directly 
continuous along the outcrop. It is evident, therefore, that the 
conglomerate of Hope Town, Prieska, and Calvinia is the same 
rock as the typical Dwyka Conglomerate hardened, and to some 
extent sheared^ by the" earth movements that have affected the 
southern portion of the Colony. 

Whether the Calvinia portion of the Dwyka Conglomerate is 
a ground moraine or a glacio-marine deposit is difficult to deter- 
mine. Consideration of the evidence in the Prieska district i') 
leads one to infer the presence of a slight unconformity as exist- 
ing locally above the glacial conglomerate and to suppose that 
the overlying shales were laid down upon a sinking moraine- 
deposit, while the wide area over which roches mniifmine^s were 
found, supports the conclusion that land-ice played an important 

(*) On a supposed Extensive Deposit of Coal underlying the cf ntral districts of 
the Colony, p. 6. ' 

p) Sec Ana. Report for 1899, Cape Town, 1900: also, Tnns. S.A.. Phi'. Soc, 
xi, pt. 2. 
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part in the district. In Calvinia, on tlie other hand, we have as 
yet found no evidence of such an unconformity, unless the 
massive variety of the conglomerate can be considered in this par- 
ticular place to be a morainal deposit formed on land. It is not 
improbable that the difference between the two varieties of matrix 
is due merely to the absence or presence of currents capable of 
sorting out materials of varying size or density, and giving rise to 
a laminated deposit. In Calvinia, also, the conglomerate contains 
many boulders which probably had a local origin, together with 
others that came from a distance, circumstances which point .to 
the existence of land close at hand which furnished the local rocks, 
and to a simultaneous supply of foreign rocks by floating ice. In 
the southern Karroo the conformity of the conglomerate with the 
underlying Witteberg Beds, the great variety of foreign boulders, 
and the absence of rocks which certainly had a local derivation, 
point to the deposition of that part of the conglomerate in wteiter. 
Above the conglomerate there is a succession of beds which 
have been placed in the Dwyka Series. The usual variety of 
shale above the Dwyka consists of finely laminated beds, contain- 
ing a varying percentage of carbon. In fresh section, as at 
Loeries Fontein, these rocks appear black, but on the hiU-sides 
they weather white, and form a very conspicuous White-Band, 
which can be seen from a great distance. It is frue that in 
Prieska these shales are found lying in hollows of the conglome- 
rate, and generally there the junction exhibits a small unconfor- 
mity. One niight, therefore, make a division at the top of the 
Dwyka, and include the shales with the Ecca Beds, with which 
they are conformable. In the south of the Karroo, however, the 
conformity of the shales with the conglomerate is quite unmis- 
takable; the conglomerate is succeeded by finely laminated sand- 
stones, with occasional pebbles, and so by insensible gradations 
the conglomerate merges into the " White-Band." The White- 
Band in the south of the Karroo is composed of such a peculiar 
collection of rocks — cherts, banded Hmestones, and shales heavily 
charged with iron-ore, which demarcate it more sharply from the 
Ecca Beds above than from the Dwyka below, that, consider- 
ing to what a self-contained group of rocks of great thickness 
the term Ecca is applied, it has seemed more convenient to put 
the peculiar White-Band with the comparatively thin Dwyka 
Series, than to append it to the larger Ecca Series. There are 
certainly many inconveniences in the classification, which mav 
have to be altered when the geology of the Colony as a whole 
has to be considered, but till then this arranf^ement, published in 
the Second Annual Report, 1807, will be adhered to. 

The " White-Band " \Nas followed in the Calvinia district for 
a distance of too miles; the outcrop runs in a north-north-v^est 
direction from the Tanqua River to the Langeberg. In 
the south, the first place we met with it w^as at some point 
east of Stompies Fontein, on the nijain road: it occurs as a white 
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band, thirty feet thick, interbedded between dark shades. Thence 
it forms a deep bay to the east, round the valley o£ the south 
branch of the Bosch River, its outcrop going near the lower 
slope of the Roggeveld. At the junction of the north and south 
branches of the Bosch River it again comes west near to the main 
road,toriiiiug a, mil called Uilberg. There it na.s associated with 
it the lowermost sheet of dolerite^ which spreads out in wide 
plateaux capping hills of Dwyka Conglomerate and flaggy shales. 
Usually there is an upper branch of the sheet separated trom the 
lower by the thickness of the White-Band, which varies from 
a few feet to about one hundred feet. The sedimentary rocks, 
and the igneous sheets which, as a rule, follow the bedding, lie 
horizontally, and are exposed in regular succession along the 
valleys of the rivers which flow east from the Roggeveld escarp- 
ment, cutting in succession through the upper dolerite, the 
White-Band, the lower dolerite, and so down to the conglome- 
rate. The main road follows one of the outcrops of the White- 
Band from the Bosch River to Vogel Fontein, after whi:h it 
passes through the outliers of the Roggeveld to Calvinia. The 
Eland's Berg Mountains are formed by a continuous portion of 
the lowermost dolerite, twelve miles long by seven broad, show- 
ing a scarped face on the west ; in the centre the White-Band lies 
on the dolerite as a flat bed about nine miles long by four broad, 
roughly following the outlines of the igneous sheet, and above 
this there is the upper portion of the dolerite sheet. As is natural 
in an area which has been subjected for so long a time to a con- 
tinuous process of denudation, the outcrop of the various beds 
is most complicated, and this is enhanced by irregularities in the 
injection of the dolerite; without a good topographical map and a 
very careful examination, it is impossible to put in all the small 
outliers and inliers of the White-Band. 

From Vogel Fontein. the outcrop of the White-Band takes a 
north-west course to near the mountain called Klip Rug. North 
of this the White-Band is encountered along the Calvinia-Nieu- 
woudtville road, covering a width of twelve miles. That such a 
considerable area is occupied by so small a band of rock is due 
only partly to a sli^^ht foldinfr. for. as a w-hole. the rocks lie hori- 
zontally; a dolerite sheet, which is intrusive along this horizon, 
appears and disappears, as more or less rock has been removed 
by denudation. 

" On Maties Fontein the imperfect skeleton of a reptile like 
Alesosaurus was found in a white, thin-bedded sandstone. 

North of this the White-Band is seen on the west of the Hantam 
IMountain: there also under and over-lain by dolerite <:heets. 
North of the Hantam, at Loeries Fontein, it is very well ex- 
posed along the Camdini River, where the blnck cliflFs along the 
river appear to have every promise of containim^: coal: the sec- 
tions that we saw, though certainly in r)lace«? carbonaceous? . were 
liot sufficiently so to be of economic value. We saw no horizontal 
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seains^ as mentioned by Mr. T. Bain (^), who may have mistaken 
the vertical and horizontal clefts filled in with the cokey matter 
mentioned below, for true seams^ especially as he says the coal was 
devoid of bituminous matter and burnt only under a blast. Be- 
tween the conglomerate and the White-Band there is a consider- 
able thickness of cherty sandstones, flags, and shales, showing 
in their hardened and spotted appearance unmistakable traces of 
tlie influence of heat and consequent metamorphism. They 
lie nearly horizontally, but have a low dip to the east-north-east. 
They are traversed by two sets of close, vertical joints at right 
angles to one another, which cut the rocks up into small rectan- 
gular blocks. The same beds occur under the White-Band on 
the Calvinia-Nieuwoudtville road, and are also met with north 
f i Kubiskow. Similar beds occur in the south of the Colony 
in the same position, and are seen there better than in the south of 
the Calvinia district. 

i he White-Band itself occurs in section on the banks of the 
Camdini Rivpr in a fresh, un weathered state, and is there a 
black bed, the white colour elsewhere being merely due to 
the slow combustion of the contained carbon when subjected to 
atmospheric agencies. It is about one hundred feet thick, 
end consists of black shales weathering in thin laminx, but 
massive when fresh; the carbon content never rises to an 
ecjuality with the argillaceous material. In the shale there are 
many rounded calcareous concretions like septaria flattened in 
the direction of the bedding, and occasionally reaching a length 
of six feet and a thickness of two feet. Below Loeries Fontem 
there is a dyke of dolerite traversing the shales, and spreading 
over on top of them in the form of a sheet. Close to the intrusion 
there are lenticular patches of a dull bbck carbonaceous material, 
Ike lignite in its lightness, and probably also in composition, 
arranged in thin beds, but without any trace of woody structure 
(^) ; the material is easily cut with a knife, leaving a polished sur- 
face, and gives a black mark when drawn across paper. In close 
pioximity to the dyke, also, there are narrow cracks filled in with 
u silvery, glistening coke; the least weathered specimens we 
could obtain were still extremely friable, and when touched 
ci umbled to a black powder, \vith small scales of graphite. The 
Clacks traverse the well-bedded black shales, mostly at high 
angles, and vary in width from minute crevices to three inches 
across. A little prospecting has been done at this locality for coal, 
but mostly on the coke veins, and sinking shafts and bore boles has 
ret revealed any bed of workable coal. The highly carbonace- 
cus patches are in the neighbourhood of intrusive dolerite, and 
are probably due to the concentration and destructive distillation 

r>) Report of ihe Geological and Irrigation Surveyor for the year 1888, Cape 
Town. i88q, p. 11. 

{^} This lignite was also mentioned by Mr. Bain he. cit. 
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of the black shales, which we examined from the top 
of the conglomerate to the normal shales of the Ecca. On the 
top of the White-Band there is, in places, a layer of black lime- 
stone, which is at most two feet thick. 

North of Loeries Fontein the outcrop of the White-Band, 
together with associated dolerite sheets, forms a ring round th^ 
twin-peaked mountain Kubiskow, which consists of Ecca shahs 
and sandstones, capped by dolerite, and rises from a plateau 
formed by dolerite and the White-Band. North of Kubiskow the 
White-Band could be seen on the hill-sides far into Bushman- 
bnd. 

An outlier of the White-Band occurs with the conglomerate 
on the Langeberg, the upper portion of which is formed of the 
shales of this horizon. On the south the steepness of the hill slopes 
does not allow the white, weathered products to collect, so the 
black shales in their natural condition appear on the surface; on 
the north, however, the white stripe is well seen. 

Above the White-Band there is a series of shales and thin sand- 
stones, which have been called Ecca Beds. In the south they 
contain impressions of ferns (Gangamopteris, &c.), and Calamity 
stems; in Calvinia no signs of organic remains were found in 
them. In the south, between the White-Band and the beds con- 
taining Pareiasaurus, the rocks are mostly shales, sandstones, and 
limestones, and are distinguished from the beds with the reptilian 
remains by the absence of " defining " sandstones, which occur 
at intervals throughout the middle and upper part of the Karroo 
Series. In Calvinia a stretch of country, consisting mostly of 
shales, occurs between a zone characterised by regular sandstone 
beds and the White-Band, and has, therefore, been mapped as 
Ecca. 

The White-Band all along the west of the Roggeveld is close 
to the lower slopes of the escarpment, and hence the Ecca Beds- 
form the main thickness of the mountain. Half way up the 
mountain side there is a dyke or sheet of dolerite, and anoth *r 
sheet forms the top. It was, however, only at the Hantam Moun- 
tain that we studied the Ecca Beds, which here form a hill about 
two thousand feet above the village (^)- Just beneath the dolerite, 
on the top of the Hantam, there is a bed of sandstone, which is^ 
similar to that which we have called a defining sandstone in the 
Karroo, so that the w^ole thickness of the Ecca Beds may be 
here represented, and it is then of the same thickness as the 
height oB the mountain above Calvinia, that is, two thousand 
feet, allowance being made for the numerous dolerite sheets that 
contribute to the height of the mountain, which would lessen 
ihe thickness of the Ecca, and for the fact that the rocks shmt 
Calvinia are a little above the White-Band, which would add to 

> Height of Calnnia above Ka-level, 3,100 ft. ; height of Hantam, 5,152 ft. 
[a. 60-1901.] ^ 
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the estimated thickness. Assuming that the top dolerite is on 
the same level, a better estimate of the thickness could be ntade 
on the Kubiskow and Spioen Berg mountains, which have tlic 
White-Band at their immediate base^ but we had no means of 
arriving at the height above sea-level of the White-Band at these 
peaces. It is not to be concluded that the thickness of the Ecca 
Beds in the south of the Colony is to be gauged by those we have 
referred to the same formation in Calvinia, since, as far as we can 
judge, they are probably there much thicker. 

The Dolerite Dykes and Sheets all belong to a single series 
of intrusions, and the rocks belong to the Karroo dolerite type, 
a moderately coarse plagioclase-augij:e-olivine rock, occasion- 
ally becoming glassy in thin, irregular off-shoots from the main 
masses. As to their age, they are intrusive in all rocks up to and 
including the Dicynodon zone of Seeley (^), and are, therefore, latex* 
than those beds; at present no closer determination is possible. 
iThey must have been exposed to a very long period of denudation 
to allow of their being weathered and entirely removed over the 
great stretches which we now see between their separate por- 
tions. 

The dykes were probably in nearly every case connected with 
the sheets. Two dykes occur on the edge of the Bokkeveld 
escarpment at Vuur Fontein, one of which pierces the Table 
Mountain Sandstone, and though the nearest dolerite sheet is 
nine miles away, it is quite likely that the dyke and sheet were at 
one time connected. Occasionally a dyke can be seen to become 
horizontal and assume the character of a sheet- Good examples 
of this are seen on the south slope of the Hantam Mountain and 
in a cliff at Loeries Fontein. The sheets are intruded almost or 
quite parallel with the bedding of the rocks, and are placed onfe 
above the other in orderly succession. Very frequently a sheet 
divides into two with a small thickness of shale between the por- 
tions. 

The lowest sheet is also the one which has the greatest super- 
ficial area uncovered in this district. Some idea of the magnitude 
of these sheets may be obtained by calculating the area of the 
exposed portion of this sheet, assuming those portions that have 
Veen denuded away to be still present. On the south of the area 
investigated, the sheet comes to light at the foot of the Rogge- 
\eld, and forms a plateau fifteen miles broad; at Calvinia its 
breadth is twenty-seven miles, and near the Langeberg an equal 
breadth was discovered, though it extends much further east than 
we followed it. This over a length of one hundred and eight 
miles gives a superficial area of close on three thousand square 
miles, but supposing the dolerite dykes at Matjes Fontein and 
Vuur Fontein to have been once connected with the sheet, we 

(») H. G. Seeley. Reseirches on the Structure, Organisation and Classiiicatioii 
of the Fossil Reptilia, vii. Further observations on Pareiasaums, Phil. Trans. Roy. 
Soc, London, 183 (189 j), B. p. 311. 
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liiust add another nine miles to the breadth, as far north as Cal- 
Vinia at least, giving a total area of nearly 4^000 square miles. 
]f the lowermost sheet at Beaufort West is also a part of this 
same sheet, the area calculated is not one-tenth of the whole ex- 
posed area, and how far beneath the Roggeveld the sheet con- 
tinues there is no means of ascertaining, but it probably runs far 
into the interior. The thickness of this sheet varies; a good 
section, such as is obtained at Hooge Rug, about fifteen miles 
from Calvinia, on the Clanwilliam road, shows it to be from one 
hundred and fifty to two hundred feet thick; the krantzes on top 
of Eland's Berg are about one hundred and fifty feet high, but 
then another fifty feet must be added to the total since the upper 
portion of the sheet is separated from the main portion by the 
White-Band. In the south this sheet forms the crest of the 
Uilberg; north of this comes the wide dolerite-covered plateau of 
Eland's Berg, on the west of which there are long, flat-topped 
hills running out into the plain, covered with the dolerite, and 
the ends are nearly separated from the main mass of the 
mountain by transverse kloofs. The Guaap Mountain is a hill 
of this nature, separated from the rest by a kloof, and an isolated 
cap of dolerite surmounts it. Klip Rug Kop also has a diminu- 
tive detached cap of dolerite, sufficient, however, to indicate that 
the dolerite sheet must have once extended uninterruptedly all 
over this ground. Along the Oorlog's Kloof River this sheet :s 
exposed in section ; between this river and the Hantam River there 
IS a stretch of country, roughly, one hundred and fifty square 
miles in extent, composed of the White-Band, through which the 
dolerite again and again appears in ridges, with a north-west 
trend, due to irregularities in the same sheet. At the western 
ed^ge of the sheet the dolerite forms a long series of jagged 
kopjes from the Oorlog's Kloof River to the farm Avontuur. On 
the north it forms a continuous krantz along the top of the 
scarped hills, overlooking the plains in the hollow behind Stink 
Fontein Poort. North of the Hantam River we did not follow 
it in a continuous line, but dykes of the same type of rock travers- 
ing the Ibiquas slates and Dwyka Conglomerate in the east of 
the hollow behind Stink Fontein Poort were probably once con- 
nected with it. The Dwyka Conglomerate here is hardened in 
a way that shows that dolerite must once have covered it; Ihe 
latter has now been removed over the greater part of the area, but 
wc could see a portion still left, forming hills a short way to the 
east. At Loenes Fontein the sheet is much thinner, and is 
more irregular in outcrop than nearer Calvinia, but ?t still forms 
plateaux, and is intrusive in the White-Band. On the crest of 
the Langeberg the same sheet is exposed. 

It is, of course, quite possible that what has here been assumed 
to be one continuous sheet may be a succession of separate ones, 
but, considering the remarkable maintenance of the same level, 
the continuity of the portions where they are satisfactorily ex- 
posed, and the undoubted continuity of the succeeding sheets 
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over a distance equally great, it seems reasonable to consider .ill 
the dolerite outcrops here described as belonging to the one and 
the same sheet. 

The second sheet of dolerite is not so extensively exposed a3 
the first. It was seen half way up the western slopes of the 
Roggeveld from the Bosch River to Calvinia, but this portion has 
not yet been sufficiently mapped- At places it seems to 
, strike downwards as if the supply dyke were near at hand« 
North of Calvinia tiiere is a broad belt of dolerite 
under the Hantam, on the farm Akker-en-Dam; the 
level of this plateau is some three hundred feet abovcj 
Calvinia, and corresponds in level with the second sheet. K 
follows the bend of the Hantam eastwards, crosses the main road 
and the Oorlog's Kloof River, nine miles east of the village, and 
extends towards the Roggeveld. The same sheet was noticed at 
a corresponding level still further east (see Route Survey from 
Beaufort West to Calvinia). Far to the north, near Kubiskow, 
there are isolated caps of dolerite on the hills at about the sanUe 
level, but the country to the east of this will have to be mapped 
before these can be ascribed to any particular sheet. 

The next sheet forms the top krantz of the Roggeveld on its 
western escarpment. It has a continuous outcrop trending north- 
noith-west; and is cut back into bays by the rivers that rise on the 
•lopes of the hills. The name Roggeveld is not applied to the 
hills north of the Oorlog's Kloof River, though the Hantam forms 
a natural continuation of that country. In this latter mountain 
the top sheet is very irregular, and is made up in places of three 
layers with shale between; these, of course, may be separate 
intrusions, but they go to mJake up a single dolerite plateau, and 
they are the equivalents of the great sheet in the Roggeveld. In 
the spur on which the highest peak is situated, north-north-wesf 
of the village, there is a dyke running diagonally up from 'the 
lower main sheet, and joins that sheet with the upper one. The 
mass of the Hantam is deeply incised by kloofs, separating it into 
parts, which are called Toby's Hoek, Tyger Hoek, Vlak Hoek 
Mountains; a "Javander Kop/' or conical mountain, with a very 
broad base and a thin, tapering peak, called Groote Toren Berg, 
also belongs to the same mass, but is separated from it by the 
valley of the Groote Toren River. On the south of Calvinia the 
irregular-shaped mountain called Roep-mij-niet (call me not) is 
also capped with the third sheet of dolerite. 

On the coast of the Clanwilliam district there is much blown- 
sand, covered with bush for the most part, but the country 
is being reduced to the condition of shifting sand-dunes by 
the over-stocking and burning of the veld practised by the 
farmers. The sand is largely m^de up of comminuted shells, 
but does not consolidate into limestone as it does further south 
at Saldanha Bay, for instance. This shell-sand stretches inland 
for some miles, till it reaches the sandy country lying at the foot 
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of the outer range of hills composed of Table Mountain Sand- 
stone on the west of the Olifant's River. The soil on the Table 
Mountain Sandstone mass is usually very sandy, and at places is 
merely loose, shifting quartz sand. 

Inland, the Van Rhyn's Dorp flats are covered with the pro- 
ducts of the decomposition of clay-sla;te, from which a small 
amount of iron-stone gravel, a sort of laterite. is formed, but not 
in such quantities as in the Malmesbury district ; the giound also 
in places is covered with worn boulders, derived from tlie Dwyka 
Conglomerate, which have been washed down from the top of 
the Bokkeveld Mountain. 

North of these flats the ground is covered with a red sand 
composed of grains of quartz and fresh red felspar, with a quan- 
tity of garnet, all minerals derived from the Namaqualand red 
gneiss. 

Under the Bokkeveld Mountain there is a great stretch of 
alluvium, yellow* and sandy, supporting a " brak " vegetation. 
The area is roughly divided into basins along the higher courses 
of the streams that flow from the Bokkeveld Mountain ; where 
the Kromme and Doom Rivers meet, there is a stretch of many 
square miles, which could be easily irrigated by a dam made in 
the Stink Fontein Poort. Alluvium covers a considerable area 
behind the Stink Fontein Poort, and the soil should be very rich, 
as it is derived from so many varieties of weathered rocks, dole- 
rite and Ecca shales, granite, Ibiquas Beds, Table Mountain 
Sandstone, and Dwyka Conglomerate. There should be no 
difficulty in procuring water for irrigation, as the winter rains 
are constant over this part of the country, and the Willem's, 
Hantam, and Kransgat Rivers have many *' poorts " where suit- 
ably large dams could be constructed. A fewj farmers are be- 
ginning to settle in this particular alluvial valley. 

On the Bokkeveld Mountain the soil is derived entirely from 
the disintegration of Table Mountain Sandstone, and carries 
what is known as the " Heide Veld," characterised by high Pro- 
tea bushes. The rock breaks down to form in places deposits of 
sand, which has a certain amount of white clay mingled with it ; 
the clay is sometimes in sufficient quantity to allow the mixture 
to be used as a plaster, and is so used for facing the inside walls 
of houses without the addition of any other cement ; it forms a 
fine, smooth surface sufficiently durable for ordinary purposes. 

On the junction of the Table Mountain Sandstone and the 
Dwyka Conglomerate there is a rich strip of country covered 
with surface deposits derived from the weathered dolerite and 
Dwyka Conglomerate on the one hand, and from the Tabic 
Mountain Sandstone on the other. As this strip is visited by 
constant winter rains, the whole of it is covered with corn-lands. 
iThe newly-formed village of Nieuwoudtville is on this zone. 

Between this latter strip and Calvinia there is a country 
largely covered with red, sandy clay, derived from the weathering 
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of the vast doleritc sheets and the Dwyka Conglomerate. The 
surface deposit is very thicks and covers hundreds of square miles, 
but as it lies at a high level, preventing any large supply of under- 
gi'ound water being obtained, and as also the rains are very 
irregular, the whole of this rich soil is untouched by the plough. 
The country covered by this red clay is called, locally, the 
" Ilantam veld," but the term is also used to denote the sort of 
veld around Colesberg, and generally it may be said to include 
any country covered with the products of the decomposition of 
dolerite under dry conditions, therefore including the whole of 
the central and eastern Karroo. 

In the south of the Calvinia district the Dwyka Conglomerate 
country is only covered with alluvium along the beds of the 
rivers. The small Karroo bushes on the other parts grow 
directly from the rock, in the cracks of which the roots manage 
to penetrate. In the extreme south even the bush ceases, and 
the ground is quite bare, covered with a thin layer of ever-shift- 
ing fine sand and black stones, which have had the iron in their 
composition concentrated as a pellicle on the outside. The only 
vegetation on this part is a grass, three inches high, with stalks 
so slender and so sparsely distributed that it can only be seen 
when one looks closely for it, and this grass only appears for a 
short while after the rains. 

A. W. ROGERS. 

E. H. L. SCHWARZ. 
Assistant Geologists, 
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REPORT ON A 
GEOLOGICAL ROUTE SURVEY 

FROM 

BEAUFORT WEST TO CALVINLV. 



The country between Beaufort West and Calvinia consists of 
shales and sandstones belonging to the Karroo Series, except for 
a small area near the latter village, where Ecca Beds are met 
with. Amongst the sedimentaiy rocks are intruded some half- 
dozen sheets of dolerite. The rocks are very nearly horizontal ; 
the high dips that are occasionally met with are quite local, and 
are due to the intrusion of the dolerite^ the dragging along the 
face of small faults^ or the action of the atmosphere and infiltrat- 
ing water, which cause local disturbances of thin bedded shales 
to a slight depth. In the lower strata between Beaufort West and 
the Nieuweveld the large fossil Reptiles associated with Pareia- 
saurus are found, but as yet none have been noted from the cor- 
responding beds near Calvinia. In the higher strata about 
Fraserburg Dicynodon and associated forms occur. Between 
Fraserburg and Calvinia we found it impossible to detertnine the 
horizon to which the sedimentary rocks belonged. The rocks of 
the Karroo formation are very uniform in lithological characters 
through a great but unknown thickness. In the absence of fossils, 
which have not yet been found between Fraserburg and Calvinia, 
it was impossible to follow or recognise again any particular band 
of rocks which we crossed on the journey. The difficulty is in- 
creased by the dolerite sheets and dykes, wfiich occupy a large 
area between the two villages. The Ecca Beds near Calvinia 
were determined simply by their lithological characters and 
the occurrence of the Dwyka Series beneath them. The dolerite 
sheets follow one another in upward succession with varying 
amounts of shale between ; their regularity is broken by their fre- 
quent bifurcations, and by the dykes thai are thrown off from 
them. As a whole, they dip at a small angle to the north, but any 
particular sheet or part of a sheet when followed is usually found 
to become inclined, often to such a degree that it assumes the 
character of a dyke. 

The Nieuweveld and Roggeveld Mountains are the two edges 
of a plateau of sedimentary rocks, which are accompanied by 
numerous dolerite sheets intruded in the rocks nearly parallel to 
their bedding. The south and west edges of the plateau are , 
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deeply cut into by kloofs, in which the relations of the rocks can 
be seen, but on the surface of the plateau it is difficult to deter- 
mine the connections between the isolated outcrops of sedimen- 
tary and igneous rocks, partly owing to the fact that they lie 
nearly horizontally, and partly to the want of sections. 

The sheets of dolerite, from 50 feet to 400 feet thick, have been 
in places denuded till only small caps remain on the hills, which 
are now separated by wide tracts of country. In other places 
they are found just emerging from their covering of sedimentary 
rocks, and thousands of acres are made up of alternating patches 
of rough dolerite and shale. Or again, on the edge of the 
plateau the sheets may appear as krantzes on the side of hills, the 
outcrop, perhaps, where the hill stands isolated, forming a com- 
plete ring half-way up the slope, and miles away other hills w^U 
be seen with the dolerite krantz on their sides at the same level. 

Such is the general nature of the country, and though the 
working out of the fossil zones and the correct interpretation of 
the various dolerite sheets require a great deal more attention, 
yet, until the more important questions of general stratigraphy in 
the Colony have been settled, these problems will have to wait. 
Meanwhile the following description of the country within work- 
ing distance of the main road may be useful as illustrating the 
type of country which obtains in this part of the Colony. 

The geology of the portion of the Beaufort West district 
through which our road lay was described in the First Annual 
Report, 1897, p. 15 c/ seq., and nothing further was noticed in 
that area, except that the supposed dyke shown in the map 
accompanying the First Report as traversing the road on the 
west of Paal Huis consists in reality of large blocks fallen from 
the sheets in the neighbouring hillside. 

The new Fraserburg road from Beaufort West, on reaching 
the dyke-like extension of the lowermlost sheet of dolerite, runs 
northwards along it; the rock exhibits concentric weathering, 
and the fine gravel which results from its partial decomposition 
makes an excellent road material. From the crest of the hill 
where the boundaries of the Beaufort West and Fraserburg 
Divisions meet, the road descends the valley to Rooi Vaal (Ronde 
Heuvel), the first farm in the latter district. This valley is cut 
down through the dolerite of the lowest sheet marked on the map 
accompanying the 1897 Report as sheet (4); on the south this 
sheet forms a conspicuous krantz, which is continuous with the 
plexus of dykes and sheets of dolerite on the boundary of the 
division where the road crosses. On the north the krantz is not 
continuous, but two isolated outcrops of dolerite are seen, one 
above the other, which are probably bifurcations of the lowest 
sheet (4). The hills on the south are divided into two portions 
above the lowest sheet, the eastern being covered with a small 
part of the next great dolerite sheet (3), but on the western por- 
tion this has been removed, and the hill is rapidly being weathered 
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away. The farm-house on Ronde Heuvel is situated on a portion 
of a dolerite sheet that just appears above the surface, and lies at 
the bottom of the valley, thus stopping all water that percolates 
through the rocks in the neighbourhood, and giving rise to a 
spring. This dolerite may be taken as being part of the lower- 
most sheet (4), Wjhich, owing to irregularities of intrusion, came 
to lie here at a lower level than usual. Above the farm, to the 
north, the shale hill is capped by a fine, straight krantz of dolerite, 
which runs like a palisade along the erest; the hill is some 400 
feet high, and the dolerite sheet about 30 feet thick; the latter is 
probably an off-shoot of the lowest sheet (4). The road from 
here ascends a valley similar to the one just left, crosses a col 
where the dolerite sheet has not yet been completely divided, 
and descends a valley of the same nature to Wilgebosch Kloof 
River. From here a view is obtained of the north face of the 
Nieuweveld outliers. The great sheet that forms the top krantz 
is here cut into numbers of isolated pieces, each standing on a 
pedestal 06 shales and sandstones sometimes twp thousahd feet 
nigh, and separated from each other by narrow ravines. The 
road then runs through a kloof in which the river has not yet cut 
below the dolerite, and is enclosed by steep walls composed of 
that rock. 

At the upper end of the kloof there is a form of hill which is 
typical in this part of the Colony, and is likened by the Dutch to 
the wide straw sun-hats that the Malays (Javanese) wear; it is 
therefore called a " Javander Kop." This form is produced when 
the dolerite on the top of the hill has been reduced to a miere 
remnant, or it may be to a heap of boulders, sufficient, however, 
to protect the soft shales from weathering immediately below the 
heap. The hill-side is gently inclined as the denudation of this 
portion is again stayed by a sheet of dolerite or a bed of sandstone 
forming a krantz some forty feet from the top of the hill, below 
which the slopes are steep. 

In the particular Javander Kop on the west of Wilgebosch 
Kloof sandstone forms the krantz near the top, and the whole 
hill stands on the sheet that caps the Nieuweveld ; the little cap 
on the crown of the hill is probably the remains of a higher off- 
shoot of that sheet. From Wilgebosch Kloof House the road rises 
to the level of the top of the Nieuweveld, through Steenkamp's 
Poort. The dolerite on the east of the road, which at Wilgebosch 
is seen as a krantz capping the hills, at Vai^ Reenen's farm above 
Steenkamp's Poort appears as a succession of rugged kopjes pro- 
jecting through the shales. 

From the Beaufort West boundary to Steenkamp's Poort the 
dolerite is so prominent that the sedimentary rocks are apt to be 
underestimated. This illusion is increased by the dolerite debris 
which covers the sides of the hills and hides the sedimentary 
rocks, to such an extent, indeed, that in the entire distance of 
twenty miles there is not a single place where the sedimentary 



Digitized by 



Google 



6o 

rocks can be satisfactorily studied, or where the junction of the 
dolerite with the sedimentary rock can be seen. The sides of the 
Nieuweveld hills, which on their south aspect show the successive 
bands of sandstone with marked clearness, are covered on th€ 
north by dolerite rubble. 

On leaving Steenkamp's Poort there are some low hills to the 
west covered with a sheet of dolerite belonging either to an off- 
shoot of the Nieuweveld cap or to the sheet next in order up- 
wards (2). Further on, low dolerite hills are seen on either side 
of the road — ^apparently a sheet that has been cut through by the 
Ratel River, The hills consist of jagged accumulations of dole- 
rite boulders weathered out in situ ; they close in and eventually 
coalesce a little beyond Ratel Fontein (Balmoral). On the east 
of the house on this farm the dolerite is covered by a bed of shale, 
capped by a fairly massive sandstone; the latter is five to ten feet 
thick ; lying quite horizontally above this, again, and shown as a 
line of dokrite kopjes to the east, is another sheet of intrusive 
rock, probably an off-shoot of the lower one. In the sandstone 
there is a circular hole about 100 yards in diameter and 10-20 feet 
deep. The sides are cleanly cut, and are entire, except for a small 
gap on the west side, which allows a passage for the drainage 
from the depression. At the edge of the hole the beds of shale 
and sandstone dip away from it. The hole is filled in with an 
agglomeration of rocks and minerals, such as are sometimes 
associated in this country with diamonds. The matrix is a soft, 
bluish clay, too much weathered to allow ot a satisfactory exami- 
nation ; in it are dispersed spherical and angular lumps of a basic 
rock Q) varying in size from a walnut to a man's head, lumps of 
soft, black shale, flakes of biotite up to an inch in diameter, little 
rounded lumps of ilmeriite, locally known as " carbonado/' and 
garnets up to the size of an ordinary marble ; yellowish calcite is 
also common, but it may be a secondary deposit. Many of the 
inclusions seem to show distinct evidence of the action of water, 
the aggregations of garnets, for instance, being ground down to 
the condition of pebbles. On the other hand, the lumps of basic 
rock and the black shale are often sub-angular. An important 
point in connection with the black shale fragments is that they 
show no signs of metamorphism by heat, such as are noticeable 
sometimes in the neighbourhood of dolerite sheets and dykes in 
the Ecca shales. The strata immediately surrounding the hole 
dip away from it on all sides ; this dip may have been caused by 
the violent uprush of the ma'terial from below. The present con- 
tents are not such as one would expect to have filling the thros^t 
of the pipe during the up-rush, but have rather the appearance 
of material that has fallen back into the pipe after the outburst, 
perhaps accompanied by water which has swirled in all the 
smaller fragments, and consolidated them into the present 

(i) Olivrae-dolerite, identical with that of the sheets in the neighbourhood. 
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conglomerate. Several prospecting shafts have been sunk in the 
rock, without, however, revealing any variation from the material 
at the surface, and unfortunately without coming across any 
diamonds. 

The original surface features due to the outburst have, of 
course, entirely disappeared owing to the time that has elapsed, 
during which vigorous denudation has gone on ; what is now seen 
is the neck of the volcano or steam-hole, considerably below the 
level at which it originally reached the surface. There is at pre- 
sent no evidence as to the age of the outburst. 

Beyond Balmoral the kopjes of dolerite on either side of the 
road join, and the river runs through a low kloof of dolerite, but 
after a mile or so the sheet of dolerite again divides, and sends 
out diverging arms of jagged boulder-strewn kopjes on either 
side of the road. From this point, with the exception of two 
small dykes, no dolerite is encountered till the village of Fraser- 
burg is reached. 

The sedimentary rocks are all nearly horizontal about here, 
and the hard " defining " sandstones form plateaux cut into ter- 
races by the rivers. These sandstones consist of a blue or green 
fine-grained rock, usually in massive beds three feet or so in 
thickness; frequently above or below the main bed there is a 
number of thinner beds, among which there are often excellent 
flagstones about three inches in thickness. Ripple-marks are fre- 
quent. The sandstones follow one another very closely, and the 
intervening shales are seldom more than a hundred feet thick; 
this feature is very noticeable, and distinguishes these from the 
lower Karroo Beds round Beaufort West, for instance, where the 
sandstones are very much farther apart. A few indistinct markings 
of plant-stems were seen in a road quarry north of the village of 
Fraserburg. Jointing is irregularly developed; at some places 
the rock splits vertically with the joint-planes at right angles to 
one another, thus enabling fine blocks of building-stone and well- 
squared flagstones to be got out ; at others the rock breaks into 
irregular lumps with the jointing scarcely perceptible. The 
shales are irregularly laminated mudstones, dark green, blue, or 
black when unweathered, and grey, light green, or blue on the 
surface, finally crumbling into yellow sand. Fraserburg village 
lies half on the alluvium bordering the Zak River and half on the 
shales ; the latter form a wide plain open to the N.E. towards the 
valley of the Zak River, but on the other tfiree sides bounded by 
the low escarpment of the sandstone plateau. On the west side 
of the village there is a small dyke of dolerite running north-west, 
and the road to Calvinia is laid along it. 

North of Fraserburg the main road runs more or less parallel 
with the Zak River at a distance from three to six miles from it. 
The upper Karroo Beds are beset with an intricate net-work of 
dolerite dykes and sheets, which appear as lines of rugged black 
kopjes, and form the water-sheds of the small tributaries of the 
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Zak River: the dolerite, as a rule, is wonderfullv constant in 
character^ being a moderately coarse crystalline rock. 

At Nobel's Fontein, thirty miles north of Fraserburg. the 
large dolerite kopjes die away, and the country becomes more 
typical *' karroo," using the word in the local sense, that is, it 
consists of flats of shales and sandstone, with bare^ dry kopjes 
dotted over them- A few small dykes and thin sheets 
of dolerite make their appearance at the surface. Be- 
tween Nobel's Fontein and the drift over the Zak River th«re 
is an extensive plain, very barren and level. In the shales of 
which it is composed there is a quantity of black limestone. The 
surface of the plain is covered with a thin deposit of recent sandy 
calcareous tufa. 

After crossing th« Zak River the road enters a kloof in a 
group of high hills composed entirely of dolerite, and emerges on 
a flat made of that rock, on Which there is occasionally a small 
island of shale. Th-e rock is broken up into large boulders on 
the surface, which appear piled up into ridges and peaks from 
one to two hundred feet high. As far as we could judge, th-ere 
were at least twenty square miles of uninterrupted jumble of 
boulders in this one area, but the same dolerite hills are con- 
tinued over the other side of the Zak River, in the corner between 
that river and the Klein Zak River, and also westwards to form 
the hills of Slang Fontein and Quagga Fontein. 

The village of Williston lies on shales at the foot of these hills, 
and the shales are abundantly traversed by dykes of dole- 
rite. The country along the Zalc River here is the same as de- 
scribed above, that is, it consists of flats of shale covered with 
surface limestone, and to the north the dolerite forms k range of 
rugged hills, through which the river has cut a narrow poort. 
Opposite the Williston mass of doferite, on the south side of the 
river, there is a smaller group of hills of the same rock on Lun's 
Kloof. 

On the west of the Lun's Kloof dolerite the road enters a level 
plain, forming the drainage area of one of the tributaries of the 
Zak River. It is bounded on all sides, except on the N.E., by an 
almost continuous range of dolerite hills; towards the edge some 
of the hills are capped with sandstone alone, the dolerite in such 
places apparently having been weathered off. A few small dykes 
traverse the rock in the plain, which consists of shales covered 
mostly with sand and a little limestone; inequalities of the surface, 
however, reveal beds of sandstone int^rbedded with the shales. 

The road leaves this plain at Quagga Fontein through a poort 
in the dolerite hills; the dolerite sheet h^re, though in the same 
position as that at Williston, is much thinner, and forms merely 
the caps of the hills. Between Quagga Fontein and the Fish 
River the country consists of thin sandstones and shales, with a 
small amount of black limestone, cut to a level surface, and tra- 
versed by deep water-courses. The rock mostly comes to the 
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surface without being covered by soil ; surface limestone and sand 
occur in places. The water-courses take their rise in the doleriie 
kopjes, some of which are outliers of the g^reat sheet, and others 
are dykes. 

Along the Fish River there are tracts of level sandy alluvium, 
which become flooded in the heavy rains, and large shallow lakes 
or pans are formed. After the flood has subsided the back waters 
also conserve a small quantity of water, but for tlie greater part 
of the year these plains are simply sandy wastes covered with 
brak bushes. 

On the west side of the Fish River, dolerite sheets, which be- 
tween Fraserburg and that river appear at the surface irregularly 
according as their dip and the cutting of river channels have 
allowed them, are now exposed on the sides of the hills, and we 
get sections of two or three superimposed in one mountain. To 
the south the hills of the Roggeveld appear with their thick caps 
of dolerite, the sides of the detached blocks being precipitous 
and looking like gigantic red palisades crowning the hill. To 
the west are the straggling dolerite-capped hills about Calvinia 
and the Hantam Mountains, and to the north are the dolerite- 
capped hills of the Zoutpansberg. In the last-mentioned moun- 
tain there is a sheet of dolerite about 50 feet thick half-way up 
the slopes, which runs right through the hill and appears on the 
outcrop as a continuous circle ; this gives off small sheets above 
and below,, which appear as disconnected krantzes of dolerite. 
Above this, and separated from it by some three or four hundred 
feet of shale, comes the upper sheet which forms the summits. 
The tops of these peaks are in all stages of weathering; in somw^ 
a long cap of dolerite remains intact, giving rise to the table 
mountain (Tafelkop) type of kopje: at others a small compact 
block like a gigantic tea-caddy (Th^ebus) is all that remains; 
when the block is small it gives rise to the Spitzkop: in others, 
again, the continuous slope of the kopje may be broken by a 
sheet near the top, w,hen the Javander-kop type results; and, 
lastly, all the dolerite may have disappeared, when a rounded hill 
is produced. The road passes over a spur of the Zoutpansberg 
and enters a tract which forms the water-.<;hed between the Fish 
River and the Oorlog's Kloof River, that is to say. between 
rivers that discharge into the Orange River and the Oliphant's 
River; the plain consists of dark shales fEcca) without sand- 
stones, and though its general level is preserved, it is deeply cut 
into by river gorges, ramifying in all directions, thus recalling 
the Ruggens country in the Sweltendam district. The shales are 
penetrated by north and south dolerite dykes, which to a certain 
extent determine the direction of the drainage channels. There 
is nothing in the geology of the countrv that would lead one to 
guess that the road has been continually and gradually leaving 
the higher zones of the Karroo formation, and entering upon the 
Ecca Beds, except the absence of the sandstones on the water- 
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shed. The dip of the strata is so very slight as to appear 
uniformly horizontal, and fossils are so exceedingly scarce thatl 
it would require a very complete survey to establish the zones 
from these, but as the white-band at the top of the Dwyka Series 
is found only a short way to the west of Calvinia, it is probable 
that the shales of the water-shed belong to the Ecca Series. 

From the water-shed to Calvinia the road passes beneath the 
Hantam Mountain ; this is capped on the south by a continuous 
precipitous krantz from one end to the other, a distance of 
twenty miles; the south face of the mountain is separated into 
two portions by a projecting spur, making two bays, the Calvinia 
bay and the Tyger Hoek. The krantz might be taken to be 
made entirely of dolerite, but it is in reality for the larger part 
made of baked shale, which weathers under l^ese conditions 
like the dolerite; the actual dolerite that caps the krantz 
is exceedingly variable in thickness, and sends out off-shoots 
above and below, producing small peaks above the general level 
of the krantz, and tongues of dolerite below it. The mountain 
slope rises from a sheet of dolerite well exposed at the base as a 
boulder-strewji plateau with deep red soil ; this, again, is raised 
above the wide alluvial plain along the Oorlog's Kloof River, on 
which stands the village of Calvinia. To the iiouth of the river 
opposite Hantam there is a group of hills forming the northern 
outposts of the Roggeveld. The hills are repeatedly traversed 
horizontally by dolerite sheets, and the sedimentary rocks, 
though principally shales, show a few sandstone bands towards 
the top. 

A. W. ROGERS. 

E. H. L. SCHWARZ. 
Assistant Geologists. 
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REPORT ON THE GEOLOGY OF 
THE CEDERBERGEN 

AND 

ADJOINING COUNTRY. 



The present Report deals with the country lying between the 
Gydo Pass on the south, and the Pakhuis Pass on the north, 
and is concerned with three series only — the Table Mountain 
Sandstone, the Bokkeveld, and the Witteberg. The Table 
Mountain Sandstone forms a high mass of mountains running 
north and south, dividing the Karroo districts, Ceres, and Cal- 
vinia from the coastal districts, Tulbagh, Piquetberg, and Clan- 
william. The mass is broken up into separate ranges by folding, 
which, in the south, is in a north and south direction, but further 
north is m a north-north-west south-south-east direction ; from 
Mitchel's Pass, near Ceres, to the Bokkeveld Mountain, in Cal- 
vinia, the Table Mountain Sandstone forms a continuous barrier 
between the coastal plains and the Karroo, which is cleft once 
only by the narrow gorge of the Doom River. The folding is 
intense in the south, but becomer. gradually less towards the 
north; the rugged, peaked mountains of the Cederbergen rise to 
over 6,000 feet, but northwards the folds that have produced 
them flatten out to form a high plateau of sandstone. From the 
Gydo Pass to Whupperthal the Witteberg sandstone forms a 
broad, mountainous tract known collectively as the Zwart Rug. 
In this country the beds on the east and west dip steeply to th'e 
east, but between the highly-inclined beds there lies a tract of 
gently undulating strata. In the southern part a number of 
small folds and flexures in a north-west south-east direction pro- 
duce complications in the otherwise simple structure; in one in- 
stance this diagonal folding brings in an outlier of Dwyka Con- 
glomerate, which was described in the First Annual 
Report, p. 28, (8vo. ed. p. 36). North of Whup- 
perthal the Witteberg beds become much reduced in 
thickness by pre-Dwyka denudation, and the lowest 
sandstones in the group occur as outliers lying upon hori- 
zontal Bokkeveld Beds, the last of which was seen rn the south 
side of the Calvinia Road between Pakhuis and Botei Kloof. The 
Bokkeveld Beds form a very small portion of the area, and occur 
either between these two series of sandstones or folded in a 
narrow syncline of the older series, but. as usual, the only practic- 
able roads follow the outcrop of this series. Since this latter 
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series is mostly made of slates apd shales, and lies 
at high angles, it is more easily weathered than the quart- 
zites of the series above and below, and the outcrop of the Bokke- 
veld Beds, therefore, usually lies between two tracts of higher 
country. In several cases the whole of the Bokkeveld Beds are 
covered with sandy debris from the mountains, and so narrow 
are the outcrops that it then looks as if the Witteberg Beds were 
lying on the Table Mountain Sandstone without the intervention 
o[ the Bokkeveld Beds, or that these two series were faulted 
against each other. The latter view was adopted in the map 
published in the Second Annual Report for the stretch of 
country north of the Gydo Pass, but it appears certain now that 
in these cases the Bokkeveld Beds are present, though dipping 
at angles so high that the breadth of the band is simply the thick- 
ness of the beds. The Bokkeveld Series occupies three areas in 
the district ; on the west it occurs along the Oliphant's River ; in 
the centre it forms the Cold Bokkeveld ; and on the east it forms 
a thin band running north from the Gydo Pass, round the end 
of the Cederbergen, and then along the east of the range to 
Whupperthal ; here the band broadens out, and the Bokkeveld 
Beds take the place of the Witteberg Beds in the continuation of 
the Zwart Rug ; as they here lie horizontally the shales have the 
full benefit of the protection of the hard sandstones which are 
interbedded with them, so that in spite of the softer nature of the 
greater part of the rocks, the Bokkeveld is enabled to carry on 
the mountainous character. 

Each of the three formations supports a distinct type of vege- 
tation which clings to it even in the thinnest and smallest out- 
liers. The Table Mountain Sandstone is traversed everywhere 
by joints, and the rock along the crevices breaks dowTi to a 
porous mass of sand, though the intervening blocks often become 
harder by deposition of silica from the water held up in the inter- 
stices between the grains. The porous portions of the rock 
absorb the rainwater like a sponge, and hence the relatively great 
aimount of springs and running water that is always to be found 
on mountains of Table Mountain Sandstone. Tlie soil that re- 
sults from the weathering is nearly pure quartz sand, 
which supports a vegetation of Proteas, heaths, and 
coarse, " sour" grasses. Between Kromme River and Pakhuis 
Pass the mountains are called the Cederbergen. for it is here, and 
no\yhere else in the Colony, that " Cedar '* trees (JViddring- 
tonia) grow, ranging from a level of 3,000 feet above sea- 
level to the summits of the mountains. It is precisely in this 
area that there is a great development of the shale-band towards 
the top of the sandstone series, and the rich soil that is derived 
from the decomposition of this shale may form the nursery from 
which the seeds are distributed over the less genial soil on the 
sandstone adjoining. As a whole, however, the Table Mountain 
Sandstone is characterised by a " sour " veqfetation, r'^-niring a 
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great amount of water to keep it growing, and by tre§s and 
bushes with soft spongy wood. The Bokkeveld Beds, on the 
other hand, support a ' Karroo" vegetation of hardy bushes, that 
stand well against the drought, and " sweet " grasses ; the soil 
derived from the decomposition of these beds is rich and fertile, 
and contains a certain amount of lime derived from the calcare- 
ous bands which abound in the neighbourhood of the Fossilifer- 
ous Sandstone. It is interesting to notice the difference in the 
alluvial ground formed by a stream flowing from' the Table 
Mountain Sandstone over the Bokkeveld Beds and that formed 
by a river running in the reverse direction ; in the first case the 
5oil is poor and thin, in the second it is rich and fertile; Whup- 
perthal is an instance of the first, where vines produce only scanty 
and poor crops, and Montagu is an instance of the second, where 
the chief industry is vine-growing. The Witteberg sandstones 
have a large quantity of shale interbedded with them, though in 
this district they appear to be much more sandy than usual ; the 
sandstones also are much closer grained than the Table Moun- 
tain Sandstone, and do not easily break down into a porous con- 
dition, hence the rain water has much less chance of penetrating 
the rocks, and springs are of rare occurrence. For these reasons 
the vegetation on the Witteberg hills is a combination of that 
on the Table Mountain Sandstone and Bokkeveld Beds, but those 
plants growing on the former which require a great deal of water, 
and those on the latter which require a rich calcareous soil are 
absent. 

In the following description the three formations — the Table 
Mountain Sandstone, Bokkeveld, and Witteberg Beds — will be 
taken together; the order followed is that in which the district 
was traversed, namely, front Gydo Pass to the Cold Bokkeveld, 
then round the end of the Cederbergen to Fri^sland, along the 
east side of the Cederbergen, through the Field Cornetcy of 
Scotland, over the boundary betw^een Ceres and Clanwilliam to 
Whuppcrthal, then to Pakhuis, over the Cederbergen to Clan- 
william, and thence up the Oliphant's River to the end of the 
Bokkeveld Beds at Keerom. 

From the Gydo Pass the road runs due north over Bokkeveld 
Beds; on the west lie the Schurftebergen, with the Table Moun- 
tain Sandstone dipping steeply east, and on the east there is the 
escarpment of the Gydo Mountain, with the Witteberg sand- 
stone dipping at a low angle a little north of east, so that krantzes 
that rise between 500 and 1,000 feet above the level of the road 
near the summit of the Pass fall tow^ards the north, and become 
reduced to low kopjes. The Schurftebergen are formed of an 
anticline of Table Mountain Sandstone; most of the shale-band 
and the rock above it has been removed from the sides of the 
hills, leaving a fairly regular line of mountain, with no conspicu- 
ous peaks or clefts: at the level of the road there is a line of 
rugged sandstone kopjes in front of the mountain and parallel 
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to the trend, and behind them is the shale-band, only slightly 
raised above ,the level of the Bokkeveld valley. This band is 
composed of thinly laminated shales, slates, and mudstones^ 
which, though very suitable for the preservation of fossils, have 
as yet yielded nothing in the way of organic remains. On the 
west of the Schurftebergen there is the broad valley of the Wit- 
zenberg Flats, composed of Bokkeveld Beds lying in the syn- 
cJine of Table Mountain Sandstone, between the Witzenbergen 
and the Schurftebergen. The Bokkeveld Beds come to an end 
on Ongegund (now Rosendal) by an uplift which lies on the line 
of that which raises the Witteberg Beds above the Dwyka in the 
outlier of that rock to the east, and is in a north-north-west direc- 
tion; beyond Ongegimd the Oliphant's River flows through 
Table Mountain Sandstone as far as Keerom, in the Clanwilliam 
Division, where once more it enters a valley of Bokkeveld Beds. 
Following the road from the Gydo northwards, at Elands Fontein 
the outcrop of the Witteberg Beds is bent westwards, while the 
Table Mountain Sandstone is not affected, and the Bokkeveld 
dips steeply and conformably with the underlying sandstone ; the 
valley is thereby narrowed from a mile and a half to half a mile^ 
which just allows room for the whole of the Bokkeveld Series. 
The ground is thickly covered with sandy alluvium, and the 
rivers about here have a very slight fall, so that the course of the 
streams is marked by broad stretches of marshy ground. A few 
outcrops of slate occur on Molen River and Groen Fontein, while 
on Klein Vlei Outspan there are low hills of slate in which the 
characteristic sandstone bands, much weathered, can be traced. 
The narrow part of the valley is eleven miles long, but broadens 
out slightly at Groen Fontein on the line of the fault, which to the 
east lets down the Dwyka Conglomerate against the Witteberg 
Sandstone. It is here also that the Schurftebergen receive the 
first twist to the north-west, and the symmetry of the chain is 
bioken by a deep kloof in that direction; this kloof cuts deeply 
into the mountains, and is continued over the watershed by a 
valley, called Upper Bosch Kloof. All the other valleys that 
come from the mountains in this neighbourhood have a general 
east and west trend, and these two diagonal kloofs seem to owe 
their origin to a line of weakness along the axis of an anticline. 

The drainage system throughout the whole of the district is 
exceedingly puzzling. The Cold Bokkeveld and its continua- 
tion as far as the Gydo Pass are shut in by high hills, and lie at 
an average of 1,200 feet above the Warm Bokkeveld; at Gydo 
Pass there is an abrupt ascent from the lower to the higher 
ground, due to a number of small folds and monoclinal flexures^ 
and at the top of the Pass one reaches at once the level of the 
Cold Bokkeveld without any barrier of hills to shut oflf the 
waters of the Cold Bokkeveld from the Ceres basin, yet at the 
edge of the plateau there lies the watershed between the drainage 
areas of the Breede and OHphant's Rivers. There seems no 
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•reason why the Cold Bokkeveld should not drain into the Warm 
Bokkeveld, whereas, in fact, the rivers of the Cold Bokkeveld 
have cut their way through the highest parts of the Cederbergen. 

At Wagendrift one enters the Cold Bokkeveld proper, as dis- 
tinguished from the narrow valley just described. This wide 
valley is surrounded by high mountains ; on the west there are 
the Cold Bokkeveld Mountains, which are the continuation of 
the Schurftebergen, but shifted back some three miles to the 
west. Th« Cold Bokkeveld Mountains trend due north, and are 
joined to the Schurftebergen by a low and very rugged area of 
sandstone hills. The anticline of which the Cold Bokkeveld 
Mountains are formed is very flat in the centre, giving rise to a 
breadth of nine miles of rough mountains between the Cold 
Bokkeveld and the slates of the Oliphant's River. On the east 
the Cold Bokkeveld is bounded by a range of mountains, which- 
is the southward continuation of the Cederbergen. The Table 
Mountain Sandstone of these mountains has a north-north-west 
strike, and dips normally under the Bokkeveld Beds of the 
valley ; it comes to an end at Modder Fontein, and at the foot of 
the hills there is the broad valley of the tributary of Winkelhaak's 
River which comes from Groen Fontein, and which consists of 
sandy plains and marshes; south of this, with their outcrop- 
parallel with this tributary, are the yellow sandstones of the 
Houd-den-Bek hills, forming the southern border of the Cold 
Bokkeveld. 

In the centre of the lower portion of the triangular area thus 
defined there is a high hill called Tafel Berg made of VVitteberg 
sandstone, and north of this there is a series of plateaux defined 
by the three hard white sandstone bands in the Bokkeveld Beds. 
Between this high ground in the centre and the sandstones en- 
closing the Cold Bokkeveld there are river valleys with culti- 
vated lands in them, that on the west side being broad, and com- 
posed of sandy alluvium, while that on the east is narrow, and a 
long line of Bokkeveld hills capped with Fossiliferous Sandstone 
borders it on the one side, and steep hills of Table Mountain 
Sandstone on the other. The greater part of the water drains 
north along these valleys, but the soutll-wr^t corner has been 
invaded by a tributary of the Oliphant's River, called the 
Kromme River, which has cut back through the water- shed ; and 
the south-east corner drains eastwards to the Winkelhaak's River, 
into which the northward-flowing streams also flow after a long 
course through the mountains. North of the Cold Bokkeveld 
the syncline rises, and the last of the Bokkeveld Beds is seen on 
Waagenboom's River, where low, flat hills, capped with Fossili- 
terous Sandstone, stand out of the sandy plains. Beyond, one 
enters an exceedingly rough, mountainous country of sandstone, 
cut into by a labyrinth of deep kloofs. The water-shed, however, 
continues due north from the Cold Bokkeveld Mountains, and 
there are only very few neks sufficiently low to allow of a bridle 
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path into the Oliphant's Riven the best being at the Hex Berg 
leading over into Eland's Kloof. There is a valley of a river 
liovvin^ northwards as far as the farm Keuntje parallel with the 
water-shed, and though the valley is practically continuous with 
the Cold Bokkeveld, the waters turn east and go through th» 
•entire mass of the Cederbergen; there is also no apparent obstacle 
to prevent this river communicating with the Keuntje River at 
the farmjnstead of cutting a gorge lor itself. Tiie Keuntje 
River, after collecting the waters of the side kloofs, turns abruptly 
south-east, and joins the river from the Cold Bokkeveld at 
Pompie*s Hoek. 

The Cold Bokkeveld Mountains are drained by the upper 
branches of the Leeuw River, and the Cederbergen, on the east of 
;the valley, by the Lange River; these two join at the farm Leeuw 
River. Between this point and the head of the Keuntje River 
there is an extensive tract of marsh, partly on Table Mountain 
Sandstone which has been eroded to the level of the Bokkeveld 
plain. Where the Table Mountain Sandstone ris€s into the 
•Cederbergen, however, the Leeuw River has cut through it, 
and turns from a sluggish river bordered with swamps to a moun- 
tain torrent rushing through deep gorges, and having a drop of 
900 feet between Leeuw River farm and Bailie's Gat a distance 
of about four miles. The greater part of this fall, however, is 
accomplished in the first mile, over a series of cascades, and the 
Wolve River, a considerable, tributary which joins the Leeuw 
River just within the mountains, does so by a waterfall of a con- 
siderable height. Along the Kromme River, on the south-west 
of the Cold Bokkeveld, the same is the case, the upper reaches 
are very sluggish, but a short way within the mountains there is 
a sudden drop of some two hundred feet, producing a very fine 
waterfall. 

The Leeuw River runs directly across the axis of the Ceder- 
bergen, and thus lays bare the structure of the mountains. A 
great thickness of the Table Mountain Sandstone is shown, 
beginning from the top beds, but as the underlying slates are not 
Ic'id bare it is impossible to estimate the thickness of the sand- 
stone here. The mountains rise over three thousand feet above 
the river-bed, and lie perfectly flat alon^ the central portion of 
the anticline, so that all one can say is that the thickness of the 
sandstone is more than 3,000 feet. Between Bailie's Gat and the 
Table Mountain Sandstone-Bokkeveld boundary there is 1,000 
feet of sandstone, and the farm lies in a valley which has been 
eroded along the line where the sandstone begins to dip. This 
arrangement exposes the shale-band on both sides of the valley ; 
on the west it forms the base of the steep escarpment of the dip- 
ping sandstone, and underlies most of the ploughed lands on the 
fcrm, while on the east side it is found near the top of the hills, 
capped with some 300-500 feet of sandstone, the curved part once 
joining the two portions having been eroded away. A valley 
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running south opposite Bailie's Gat shows the same thing. East 
of Bailie's Gat the Leeuw River runs through a gorge which 
opens out again at Pompie's Hoek, where the Keuntje River 
from the north-west, and a corresponding tributary from the 
£Outh-east, join the main river. The valleys of these streams are 
very narrow^ and are cut down through horizontal sandstone in 
the centre of the anticline, so that the shale-band is exposed 
equally on both sides near the tops of the hills. Beyond Pompie's 
Hoek the Leeuw River again passes through a deep gorge, and 
widens out to receive tributaries from the north-west and south- 
east. These streams correspond to the Bailie's Gat rivers on the 
other side of the anticline, and the sandstone on the eastern wall 
of the valley dips steeply east, but on the western it lies flat; the 
shaleband is well exposed on the hill-sides. The outcrop of the 
boundary of the Table Mountain Sandstone turns here from a 
north and south direction to north-w^est ; the south-east tributary, 
called Tuin's Kloof, includes both the valley cut along the line 
where the dip of sandstone changes from near the horizontal to a 
h*gh angle, and the valley which usually exists on the boundary 
between the Table Mountain Sandstone and Bokkeveld Beds. The 
sandstone at Tuin's Kloof dips at a very high angle on the boun- 
dary, angles up to 60° being noticed, but on the north side of the 
Leeuw (Riet) River the dip is much less, 30° being the highest. 
The form of a wide, flat anticline is that which characterises the 
Cederbergen throughout, but in the northern part the mountains 
do not have a central longitudinal valley like those described 
above ; the axis of the anticline instead forms a s'ngle water-shed, 
with transverse valleys coming off it regularly on either side. The 
mountains we have just been describing have no name, as the 
Cederbergen are only considered to commence north of the 
Leeuw River, and the Cedar trees are confined to the mountains 
north of that river, but it would be very unfortunate to give this 
southern portion a new name, as it is simply a continuation of 
the Cederbergen proper, without any break or difference save 
the absence of Cedar trees. 

At the south end of the Cold Bokkeveld there is a hill capped 
with Witteberg sandstone lying in the syncline between the end 
of the Cederbergen and the Schurftebergen, and separated from 
the main mass of the Houd-den-Bek hills by a broad flat of 
sandy marshy ground forming the valley of a tributary of the 
Winicelhaak's River. The hill is called Tafel Berg, and is not 
to be confounded with Tafel Kop in the Cederbergen. On the 
east side a fine section of the beds from the Table Mountain 
Sandstone to the Witteberg is shown on the nek of Bokkeveld 
slates, forming the water-shed between the Lange River and a 
stream flowing south. The Lange River is closed in on the 
west side by a long, straight ridge of Fossiliferous Sandstone, 
which passes over the nek and continues a short way to the south 
towards Modder Vlei- On the water-shed, above the Fossilifer- 
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ous Sandstone, come the Upper Sandstones (the Second, Third,, 
and Fourth of the classification given in the Report for 1897) (^), 
with thick beds of shale bet\N5een, exactly as was found in the 
Warm Bokkeveld, Hex River Valley, and the Ladismith district. 
The bottom beds are dipping from 30°-40° west, and the higher 
are lying flat^ so that we were not able to arrive at the thickness 
of the Bokkeveld Beds by direct measurement. The hill slopes 
were much covered with rubble and soil, and there were no sec- 
tions from which one might collect fossils. The Witteberg 
Sandstone in Tafel Berg itself is at least 1,200 feet thick, and 
yielded Spirophyton. A sharp fold is shown on the south face of 
the hill in a north-west south-east direction. On the other sides 
of the hill there is so much rubble that the Bokkeveld Beds below 
the Witteberg are not seen on the surface. 

On the south of the Cold Bokkeveld there is the escarpment 
of the Houd-den-Bek's Mountains, which is a westward spur of 
the mass of Witteberg hills known collectively as the Zwart Rug. 
The sandstone lies generally flat, with an up-turn near the 
Bokkeveld boundary ; the extension to tfie westward is partly due 
to the southern continuation of the Cederbergen anticline, and 
also to a succession of small flexures in a north-west-south-east 
direction, which increase in size from west to east : on the Karroo 
side they are very noticeable, but on the Bokkeveld side are not 
so obvious. The tributaries of the Winkelhaak's River which 
drain these mountains run from north-west to south-east or vice 
versa. The Witteberg area is divided up into cattle farms, with 
no roads or habitations, and could only be traversed on foot ; the 
scale of the present survey did not allow of our spending the time 
requisite for such work. We have, however, gone all round the 
area, and have made two traverses through it, one on the south 
through Baviaan's Hoek and one in the middle over Hartnek's 
Kloof. 

The south end of the anticline of the Cederbergen is inclined 
to the south, and dips beneath a wide tract of sandy, marshy 
ground ; opposite it, on the other side of the valley, the escarp- 
ment of the Houd-den-Bek's Mountains shows a wide rnd very 
gentle anticline, only noticeable on closely following the various 
beds of sandstone. 

North of Houd-den-Bek the western boundary of the Witte- 
berg Bejds runs due north, parallel to the Table Mountain Sand- 
stone, and the two are separated by a narrow band of Bokkeveld 
Beds. The last series dips at too high an angle to allow of the 
usual valley being formed along its course, and more or less on 
the boundary between it and the Table Mountain Sandstone; the 
streams from the Table Mountain Sandstone run straight across 
the Bokkeveld Beds to the Witteberg, cuttiner the slates and 
sandstones of this series into a number of neks and valleys at 
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right angles to the trend of the beds; sections are exposed show- 
ing the succession of the various sandstones in the Bokkeveld 
Series. The hill-slopes are very steep and thickly covered with 
fallen fragments of the sandstones which project as krantzes from 
between the shale-bands, and a very few sections were sufficiently 
good to be available for searching for fossils. The FossiLferous 
Sandstone often contains Spirifers, Lcpiococlias and crinoid 
stems, and at Riet River, just below the Second Sandstone, 
there are some thin, sandy, micaceous shales, in wliich a band, 
not more than an inch thick, is crowded with Ophiuroids. At this 
farm Riet River, locally known as Groot River, which is on the 
banks of what is called in the Cederbergen the Leeuw River, the 
valley passes through the Bokkeveld Beds into the Witteberg 
Sandstone with a very moderate widening wlien it emerges from 
the Table Mountain Sandstone ; the road which follows the band 
of Bokkeveld Beds rises on either side of the river to a height of 
1,500-1,700 feet within a distance of four miles, giving an average 
gradient of i in 14, which is prohibitive for ordinary traffic. 

From Houd-den-Bek's Mountain to this farm Riet River the 
road is bordered on the east by the hills of Witteberg sandstone 
constituting the Zwart Rug. A good idea of the structure of the 
area occupied by these beds is afforded along the waggon. road at 
Rosendal, which goes over the Zwart Rug and enters the 
Karroo at Hartnek's Kloof. For the first few miles the road runs 
along the side of a tributary of the Winkelhaak's River, the 
valley of which is a swampy stretch of sandy ground. At Riet 
Vlei the tributary joins the main river, and from here onwards 
the Winkelhaak's River runs in a narrow canon cut down 
through the Witteberg rocks. As far as Riet Vlei the beds have 
a slight dip to the east, but eastwards they lie practically flat^ 
and give rise to a plateau of high ground. On the surface of this 
plateau there are several small salt vleis. The waggon road is 
very primitive, and is carried through thick sand or over bare 
rocks till the dip slopes of the Zwart Rug are reached which 
border the Karroo. The road then turns down a very steep and 
rocky place into Hartnek's Kloof; the farm house of that name is 
situated on a shale-band about a thousand feet below the top of 
the Witteberg Series in the same way as a similar band is found 
near the top of the Table Mountain Sandstone. From here the 
road passes through the topmost sandstone beds by means of a 
kloof, and so on into the Karroo at Beukes Fontein. 

At Jonkie's Poort, five miles* north of Rosendal, there is also 
a foot-path over the Zwart Rug. but the caiion of the Winkel- 
haak's River makes it an exceedingly difficult one. North of this 
the cafion is impassable, but a little east of Riet River the Lceuw 
River joins the Winkelhaak's at the Kruis. and thence passes 
through a precipitous gorge into the Karroo. In the Karroo this 
river is known as the Doom River, which, after collecting the 
waters of several large streams from the east, passes round the 
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end of the Witteberg hills, through the northern continuation of 
the Cederbergen, and joins the Oliphant's River north of Clan- 
William. 

North of Riet River the Table Mountain Sandstone boundary, 
as previously mentioned, runs north-west, but on the line divid- 
ing the Ceres and Clanwilliam Divisions, at Als Fontein, it again 
turns due north. Here three streams come down from the axis 
of the Cederbergen, run east through the Table Mountain 
Sandstone and Bokkeveld Beds, and then have an irregular 
course through the Witteberg hills till they join the Doom River. 
At the northernmost of these tributaries— the Matjes River— the 
Table Mountain Sandstone boundary turns north-west again as 
far as Mordenaar's Gat, where it resumes the northerly direction. 
From the south end of the Whupperthal Mission property the 
boundary has another run of three miles in a north-west direction, 
and at the village it turns north again, and continues in that direc- 
tion as far as the south boundary of Welbedacht. From here 
there is an easterly extension of the Sandstone, so that the 
boundary runs north-east as far as the farm house on Welbe- 
dacht, where a fault lets down the Bokkeveld Beds again^ the 
Table Mountain Sandstone; this fault is a north-north-west one, 
and crosses the Clanwilliam-Calvinia road, as mentioned in the 
previous report, p. 35. 

The thin band of" Bokkeveld Beds follow^s the Table Mountain 
Sandstone, along its zig-zag boundary without any widening, 
from the Riet River to Whupperthal, a distance of 30 miles; north 
of the Mission station it widens out, and the Bokkeveld take the 
place of the Witteberg Beds. The road a few miles north of 
Matjes River, at Keurbosch Fontein, leaves the Bokkeveld slates, 
and passes on to a curious shelf cut in the Table Mountain Sand- 
stone. A short way north of the commencement of this shelf the 
Cederbergen rise to their greatest height at Tafel Kop, which is 
an almost inaccessible, table-shaped mass of sandstone rising 
above the shale-band. Tafel Kop lies west of the main water- 
shed of the Cederbergen, and behind it lies the valley of the Drie- 
hoek River, running north-north-west. At the next farm — Ezel- 
bank^— the shelf comes to an end, and the sandstone takes a north 
strike, the outcrops of the boundary following the Mordenaar's 
Gat River. Above Ezelbank lies the second highest peak of the 
Cederbergen, this time on the main water-shed; it is a great table- 
shaped mass of sandstone like Tafel Kop, and on it is placed one 
of Maclear's trigonometrical beacons : the peak is locally known 
as Sneeuw Kop, but unfortunately there is a prominent peak of 
that njime south of Bailie's Gat, and there are also three Sneeuw 
Bergs by Matjes River. Beneath the top sandstone there is the 
shale-band, covered with rubble ; the clay soil derived from the 
weathering of this shale supports a more plentiful vegetation 
than is usual on the Table Mountain Sandstone, and this 
gives the band a dark appearance contrasted with the bare sand- 
stone above and below, which allows it to be easily recognised. 
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Mordenaar's Gat River, following the boundary of the Table 
Mountain Sandstone, joins a stream called Tra-Tra's River, com- 
ing straight down from the mountain, and the two then pass east- 
wards to join the Doom River. This is the first river coming 
from the Table Mountain Sandstone that passes straight east- 
wards since Matjes River, which is eighteen miles distant, and in 
this space the level of the base of the Witteberg sandstone has 
gradually risen without the level of the top of the escarpment 
showing a corresponding elevation. The Tra-Tra's River cuts 
down through the Witteberg Series to the Bokkeveld below, and 
the continuous mass of Witteberg sandstone, known as Zwart 
Rug, comes to an end in the long east and west escarpment called 
the Vaal Heuning Mountains. North of Tra-Tra*s River there 
is a flat-topped mountain called the Bidquw South, correspond- 
ing to Vaal Heuning Mountain, but the Witteberg Series is very- 
thin; one hill, isolated from' the rest, called Citadel Kop, has 
merely a collection of vertical pillars of yellow sandstone on its 
crest, the result of the weathering of the bottom beds of the 
Witteberg Series along vertical joint-planes. North of Citadel 
Kop another stream called the Bidouw River comes off the Table 
Mountain Sandstone, and runs straight eastwards ; on the north 
bank of this there is again a small area of yellow sandstone above 
the Bokkeveld Beds in the hills called the Bidouw Mountain. 
North of Bidouw Mountain there is a high hill above Onrust, on 
the Clanwilliam-Calvinia road, capped with a small block of thin 
yellow sandstone similar in character and thickness to the upper 
sandstones in the Bokkeveld, but as this would make the fifth 
sandstone, if it belonged to the Bokkeveld Series — and we have 
nowhere seen more than four prominent sandstone krantzes in 
the Bokkeveld Beds — this small cap must be relegated to the 
Witteberg Beds; northwards of this there is no outlier of the 
Witteberg Series. This thinning out is largely due to denudation 
before the Dwyka Conglomerate was laid down, and as one pro- 
ceeds northwards the Bokkeveld and Table Mountain Sandstone 
in turn gradually disanpear owin«T to the same cause, as de- 
scribed in a prevous Report, p. 40. 

From Whupperthal to Pakhuis a properly-graded road has 
been cut, and where it goes over the Bokkeveld Beds good sec- 
tions have been made, from which a fine collection of fossils was 
lormerly obtained, Leptocoelia^ Discina, Spirifevy Cleidophorus, 
Teiitaculitcs, Phacops, Homalonotus, crinoids, &c., but the slopes of 
the hills are covered wath rubble, and the few sections now avail- 
able for searching for fossils are "too limited to yield any good 
results. 

North of Whupperthal the hills on the east of the Ceder- 
bergen are made of Bokkeveld Beds, except the caps of Witte- 
berg sandstone above mentioned. The beds are lying flat, and 
the hills rise in linear groups protected by caos of Witteberg 
sandstone or one of the upper sandstones in the Bokkeveld. The 
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sides of the hills are very steep, and the height of the top above 
the river valleys is usually between 1.000-2.000 feet. None of 
the valleys have yet been cut down to the Table Mountain Sand- 
stone except the Boter Kloof, on the Clanwilliam-Calvinia road 
(see p. 35). On the east this region of Bokkeveld hills ends in an 
escarpment, capped by one of the Bokkeveld sandstones, and at 
the foot lies the Dwyka Conglomerate. We have not yet been 
able to visit the place where the Witteberg sandstone ends on 
the east side and the Dwyka begins to lie on the Bokkeveld Beds. 
On crossing the mountains by the Pakhuis Pass we had an 
opportunity of examining more closely than on the previous 
occasion (^) the shale-band in the Table Mountain Sandstone, and 
found that not only is the rock similar to some varieties of the 
Dwyka Conglomerate in general lithological character, and in 
bein^ what we may call a conelomeratic mudstrne. but that 
glaciated pebbles occur in it. Since in these essential points the 
rock resembles the Dwyka Conglomerate^ it is most important to 
sIjow that it is not an outlier of that conglomerate overlying the 
shale-band. The field evidence leaves little room for doubt about 
its position with respect to the sandstone- The road over the pass 
crosses the main axis of the Cederbergen anticline, which here 
trends north-west. The head of the Pass lies on the south side 
of Botha's Berg, a prominent cliflf of horizontal sandstone and 
quartzite lying upon the shale-band, on the low/er part of which 
the road is made ; it is on this road that the conglomeratic rock 
is seen, and below the road there are again beds of sandstone. 
On the eastern side of Botha's Berg the sandstone beds crop out 
on the hill-slopes below the road, and dip at low angles to the 
north-east or a little north of north-east ; the conglomerate is 
exposed on the inner side of the road, and in part is well Bedded, 
the dip then agreeing with that of the nearest sandstone outcrops 
on the hill-side below. The sandstone lying above the shale- 
band is exposed on the cliflf high above the road, and dips in the 
same direction as that below. The rock is exposed at intervals 
along the roadside for a distance of over a mile and a half, that 
is, between the summit and Pakhuis farm, and it evidently has 
the same general dip as the sandstones above and below-. Near 
the farm the outcrop widens out owing to the form of the surface, 
and: gives rise to a tract of flat ground on which the farm lands 
lie. An exposure of the upper part of the shale-band on the road 
north of the farm reveals an ordinary shale, well laminated, and 
without any grains of quartz or other minerals visible to the naked 
eye. From this outcrop towards the south-east the shaleband 
gives rise to a bush-covered slope below a precipitous sandstone 
escarpment on the right bank of Pakhuis River, and it can be 
followed for many miles along the north-east and east flank of 

C) See p. 36. 
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the Cederbergen. . On the western side of the summit 
of the pass the shale-band trends west-north-west along 
the Kliphuis River, when it is seen as a bushy slope 
tinder a cliff which is the continuation of Botha's Berg. The 
road is carried along the lower part of the band from the 
top of the pass to the farm on Rheebok's Valley, a distance of 
about two miles. The rock may be seen in a few cuttings on this 
part of the road, and also in a ditch on the inner side of it, but 
not so well as on the other side of the pass. No exposures occur 
on the bushy slopes covered with fallen debris, which mark the 
outcrop of the shale-band on the mountain side, and therefore 
the question whether the rock here exposed is part of the shale- 
band or is an outlier of some other formation cannot be settled 
by direct observation. Taking into consideration, however, the 
fact that the conglomeratic mudstone has been p- oved to exist 
along nearly four miles of the outcrop, and that throughout this 
distance it follows the curving outcrop of the sandstones above 
and below, agreeing with them in dip wherever bedding-planes 
can be seen, we are justified in regarding it as part of the shale- 
band, and in supposing that it is only through a lack of outcrops 
and artificial sections that the conglomeratic mudstone has not 
been found at other parts of the shale-band in the neighbourhood. 
Two outliers of the shale-band occur, one on each side of the 
pass, in the valleys of the Pakhuis and Kliphuis Rivers respec- 
tively. In each case it forms a conical hill capped by sandstone. 
The pebbles scattered at intervals through the conglomeratic 
mudstone are of all sizes up to five inches in length. They con- 
sist of quartz, quartzrte, grits, slaty rocks, granite, and felsite. 
The small, whitish, often nearly spherical quartz pebbles found 
in this rock are also very characteristic of the sandstone above 
and below, in wjhich they occur isolated and in thin beds of con- 
glomerate. We picked out nine pebbles from one and a half to 
four inches in length, which have the characteristic form of 
glaciated stones, that is, they are flattened on one or more sides, 
and the flat faces show scratches, often arranged in parallel 
groups, but the other parts of the surface are also sometimes 
striated. These pebbles were broken from the sandstone in situ, 
or from large lumps of it lying in the roadside excavations ; they 
were obtained at various spots along the three and a half miles of 
road, which is approximately the extent of the road cuttings. 

This evidence, then, irresistibly forces us to the conclusion that 
in South Africa during the time of the deposition of the Table 
Mountain Sandstone, that is, in about lower Devonian times, 
glacial conditions existed somewhere in this neighbourhood. We 
had no opportunity of examining the shale-band north of this, 
but to the south, ice-scratched boulders do not occur in it, so 
that presumably the boiilders came from the north, just as the 
Dwyka boulders did (0. 

(») For a fuller discussion of the question see Transactions of ih^ South African 
Philosophical Society, vol xi., pt. 4. 
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The road, after leaving the shale-band, lies on the sand- 
stone below that horizon as far as the place where the Bokke- 
veid Beds are let down against the sandstone by a fault 
running north-west. At the edge of the sandstone there is a 
plateau or shelf covered with a layer of shale or nludstone- the 
rock IS deeply ^^eathered, and is not seen in section, and we 
could find no evidence as to whether the conglomeratic nature 
of the rock at the head of the Pass existed here also. A good 
deal of lime is present hi the soil, especially in the curious 
rounded hillocks which abound on the plateau, and of which we 
can find no explanation ; there are also a good many Boterbooms 
and other Cotyledons, which are usually confined to the sweet- 
veld, and absent from the ordinarv Table Mountain Sandstone 
flora. 

An outlier of Bokkeveld Beds some sixteen miles long and 
two wide in the broadest part occurs near Clanwilliam. As 
already mentioned, this outlier is faulted on the north-east 
against the Table Mountain Sandstone, but on the south-west 
boundary the latter passes under it in the usual way. The north- 
western end is buried under the alluvial ground along the 
Oliphant's River, but between Baker's Location and the stream 
from Taaibosch Kraal the outlier forms a range of hills. Along 
the fault there is a band of hard breccia between the Table Moun- 
tain Sandstone and the Bokkeveld Beds, and the latter dip at a 
very low angle to the north-east. At Baker's Location the shales 
form low hills projecting from the alluvial ground, and are 
covered with Karroo vegetation ; on going south the hills become 
higher, and the characteristic beds of sandstone can be recog- 
nised; opposite Clanwilliam there are considerable hills with 
three bands of sandstone in them, the lowermost being the Fos- 
sjliferous Sandstone. The common Bokkeveld fossils, such as 
Leptocoelia and Spirifery are found in the lower sandstone, 
especially on the southern extremity of the outlier. The village 
of Clanwilliam lies on the edge of the Bokkeveld Beds. The out- 
lier corresponds with the Frederick's Dal outlier on the other 
side of the Cederbergen, and both extend in a north-west direc- 
tion. 

Following the Oliphant's River up-stream, there are no un- 
doubted outliers of Bokkeveld Beds till the Hex River is reached, 
a distance of twenty miles. The course of the river is due north, 
but it is continually deflected towards the north-west by the 
strike of the rocks, and straightens its course by cutting at right 
angles across the folded beds. At Hendrik van der Walt's Gat 
there are some shales forming two hills on either side of the 
Lange Fontein stream ; the shale of which they are composed lies 
conformably on the Table Mountain Sandstone, and on the oppo- 
site side of the river there is a cliff of sandstone dipping west; 
owing to the river-bed intervening it is difficult to determine 
whether the sandstone once continued over the shale, niakiuT^ 
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that rock belong to the shale-band within the Table Mountain 
Sandstone, or whether it dipped under them making 
them belong to the Bokkeveld Beds, and in the absence of 
fossils nothing can be settled about it South of this place the 
shale-band is seen in the cliff on the east side of the river, and 
the road running at the foot of the cliff exposes some good sec- 
tions ; the rock consists of thin-bedded shales, slates, and sand- 
stones, indistinguishable from some zones in the Bokkeveld 
Beds. The shale-band can be followed from here round the 
north bank of the Kredouw River, a tributary of the Oliphant's 
River ; it then turns south behind a ridge of sandstone hills. A 
western branch, likewise, can be followed behind a similar ridge 
of hills on the west of the Oliphant's River. To put this in 
another wlay, the Oliphant's River here flows in a syncline of 
Table Mountain Sandstone, the fold rising to the north in such 
a manner as to expose the shale-band on either side as two bands 
which join at Van der Walt's Gat. At Hex River the syncline 
has sunk sufficiently to bring in the Bokkeveld Beds; from here 
to Keerom, a distance of thirty miles, the narrow syncline is 
filled in with a strip of Bokkeveld Beds. At Hex River there is 
a considerable mass of slates exposed in a series of high kopjes, 
but after passing the next farm, Brak River, one only encounters 
the slate in isolated kopjes, which stand out of the sandy alluvium 
of the valley. At Bosch Kloof River there is such a kopje; one 
•can recognise the Fossiliferous Sandstone in it, and this rock is 
in places full of Leptocoelia ilahellites. From here to the end of the 
outlier in Keerom each farm has a small kopje of slate overlook- 
ing the Oliphant's River; they are very insignificant, and owe 
their preservation to their position between two lateral streams. 
The farmers about here have exploited these slate exposures for 
gold, as there is a good deal of iron pyrites in the rock, and this 
has led them on in the hope of finding something bettor. The 
Oliphant's River runs on the west side of the Bokkeveld Beds 
throughout the v»4iole length of the outlier. On the south the 
valley is abruptlv terminated by hills of Table Mountain Sand- 
stone, and the Oliphant's River issues from a gorge cut in that 
rock, and in which it runs from the Witzenberg Flats, a distance 
of twenty-four nriles; at the latter place there is again a Bokke- 
veld outlier. 

The Table Mountain Sandstone in the Oliphant's River 
Valley near the Keerom outlier is thrown into a gentle syncline. 
On the east side there are the Cederbergen, with the sandstone 
lying flat on the crests; in front of the main range there is 
another line of hills formed of sandstone dipping west, and be- 
tween the two there are wide, open kloofs, each formed of a 
series of longitudinal valleys, the waters of which collect together 
and issue through the front chain of hills by a single poort. The 
shale-band lies at the back of this front chain, and it is seen at the 
south end of the Bokkeveld outlier as a dark strip across the 

[G. 60—1901.] o 
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fable Mountain Sandstone hills, running a little south of wiest^ . 
and at right angles to the course of the river. On the west side 
the mountains are very much lower^ and the Table Mountain 
Sandstone forms a narrow band dipping at a moderate angle to- 
the east, forming an escarpment on the west side. 

At the Hot Bath, some twelve miles south of Modder Fontein, 
there is a hot spring issuing high up on the side of one of th«- 
lateral valleys of the Oliphant's River Mountains; the spring is 
now covered up, and the water led down in a pipe to the small 
bath houses in the valley. It is just possible to bear tfie water 
on the skin when it issues from the pipe; there are apparently no- 
salts contained in the water, as there are no deposits of any sort, 
and the water has no taste. The spring is largely used by the 
farmers as a cure for rheumatism and other diseases produced* 
by damp and exposure. There are some trees called Melkhout 
Booms in the valley below the hot spring, quite unlike any tree 
that we have yet seen ; they grow to a great height, with smooth, 
white trunks, and seem to be confined to this valley. The valley 
itself has been cut out by a stream of water that rises in the 
Oliphant's River Mountains. The shale-band is not seen 
on the west side of the main valley, though the weathering of thc* 
rocks indicates the place whe**. it is; fallen debris, however, covers 
the outcrops. 

A. W. ROGERS. 

E. H. L. SCHWARZ. 

... Assistant Geologists.. 
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Mexico. 

lastituto Geologico de Mexico, Boletfn No. 12, 13. 

Mexico, 1899. 

United States, 

Alabama. — Geological Survey. Geological Map of Alabama, with 

explanatory chart. Montgomery, 1894.. 

America, Geological Society of, Bulletin, Vol. X. 

Rochester, 1899. 
American Philosophical Society. Vol. XXXVIII, XXXIX. 

Philadelphia, 1899-1900. 
California, University of, Coll. of Agriculture. Bulletins, No. 
124-126. Berkeley, 1899. 

University of, Science Association. Proceedings of 

the General Meetings. Vol.1, No. i. Berkeley, 1899. 
Cincmnati Society of Natural History, Vol. XVIII, Index ; Vol. 

XIX. Nos. 5, 6. Cincinnati, 1900. 

Kansas. — University Geological Survey. Annual Bulletin of 
Mineral Resources of Kansas for 1898. 

Lawrence, Kansas, 1899. 

University Geological Survey. Reports, Vol. Mil, IV, 

Pt. I and 5. Topeka, 1896-99. 

University Quarterly, Vol. VIII, No . 4, Ser. A. 

Lawrence, Kan., 1900. 
Maryland Geological Survey. Vol. III. Baltimore, 1899. 

Weather Service. Vol. I, 1899. Baltimore, 1899. 

United States Department of Agriculture. Circular No. 18. 

Washington, 1899. 

Department of Agriculture Repr.rt No. 64 and 

Maps. Washington, 1900. 

Geological Survey. Annual Reports. Nineteenth, 

Pt. II, III, V and Map. Twentieth, Pt. I, VI and 
VI (cont.). Washington, 1899. 

Geological Survey. Bulletins 150-162. 

Washington, 1898. 

Geological Survey. Monographs XXXII, Pt. II, 

XXXIV, XXXVI^XXXVIII. 

Washington, 1899. 

Anderson, F. M. — The Geology of Point Reyes Peninsula. Univ. 

of California. Bull. Dep. Geol., Vol. II, 

No. 5. Berkeley, 1899. 

Bioletti, F. T., and ) Preservation of Unfermented Grape-must. 

Piaz, A. M. dal. ) Univ. of California, Agr. Exp. Stat. Bull. 

130. Berkeley, 1900. 

Bench-grafting resistant Vines. Agr. Exp. 

Stat. Bull. 127. Sacramento, 1900. 

Brewer, W. M. — A preliminary report on the Upper Gold Belt of 
Alabama. Bull. No. 5. Montgomery, 1896. 
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'Buckley, E. R. — On the Building and Ornamental Stones of 

Wisconsin. Wis. Geol. and Nat. Hist. Survey. 

Bull. No. 4, £con. Ser. No. 2. Madison, 1898. 

Gibson, A, M« — Report on the Coal Measures of Blount Mountain, 

with Map and Sections. Montgomery, 1893. 

Report on the Geological Structure of Murphie's 

Valley, and its Minerals and other Materials of 
Economic Value. Montgomery 3893. 

Report upon the Coosa Coal Field, with Sections. 

Montgomery, 1895. 

Hayes, C, W. — Report on the Geology of North-Eastem Alabama, 
and adjacent portions of Georgia and Tennessee. 
Bull. No. 4. Montgomery, 1892. 

Hayne« A. P. — Report on the Condition of Olive Culture in Cali- 
fornia. Univ. of California, Agricultural Experi- 
mentStation. Bull. No. 129. Sacramento, 1900. 

Herrick, C, L. — List of the Fresh-water and Marine Crustacea of 
Alabama, with descriptions of the New Species 
and Synoptical Keys for Identification. Bull, 
No. I, Vol. V. Granville, Ohio, 1887. 

Hilgard, E. W. — Nature, Value and Utilization of Alkali Lands. 
Agr.Exp.StatioQ.Bull. No. 128. Sacramento, 1900. 

Hillebrand, W. F.,and ) On Camotite and Associated Vanadiferous 

Ransome, Fa L. ) Minerals in Western Colorado. Am. 

Joum. Sci., Vol. X, August, 1900. 

McCalley, H. — Report on the Warrior Coal Basin. Geol. Surv. of 
Alabama. Jacksonville, 1900. 

Report on the Coal Measures of the Plateau Region 

of Alabama. Montgomery, 1891. 

Report on the Valley Regions of Alabama. 

(Paleozoic Strata). Part I. On the Tennessee 

Valley Region. Part H. On the Coosa Valley 

Region. Montgomery, 1896-97. 

Merrill, G. P.,and ) A new Stony Meteorite from Allegan, Michigan; 

Stokes, H. N, ) and a new Iron Meteorite from Mart, Texas. 

Proc. Washington Acad. Sc, Vol. IL 

Washington, 1900. 
Phillips, W. B. — A Preliminary Report on a part of the Lower 
Gold Belt of Alabama, in the Counties of 
Chilton, Coosa, and Tallapoosa. Bull. No. 3. 
Montgomery, 1892. 
^^— - — Iron Making in Alabama. First Edition. Second 

Edition. Montgomery. 1896-98. 

Ransome, F.L. — On a New Occurrence of Nepheline Syenite in 
New Jersey. Am. Jour. Sc, Vol. VIII, 1899. 

A Peculiar Clastic Dike near Ouray, Colorado, and 

its Associated Deposit of Silver Ore. Trans. Am. 
Inst. Min. Eng., Washington Meeting. Febru- 
ary, 1900. 
Ries, H, — The Origin, Property and uses of Shale. The Michigan 
Miner, Vol. I, No. ir. Saginaw, Mich., 1H99. 
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Ries, H, — Preliminary Report on the Clays of Alabama. Geol. 
Snrv. Alabama. Bull. No. 6. Jacksonville, 1900. 

Limestones of New York and their Economic Value. 

Smithy E, A. — Geol. Survey, Alabama. Report of Progress for 1875, 
1876. Montgomery, 1876. 

On the Phosphates and Marls of Alabama. Geol. 

Surv. Ala. Bull. No. 2. Montgomery, 1892. 
Smith, Eugene \ Report on the Geology of the Coastal Plain of 
Langdoo, D. W. | Alabama : Cretaceous, Tertiary and Post- 
Johnsoiiy L. C. ) Tertiary Formations. Montgomery, 1894. 
Smith, ^\ S. Tangier — Some Aspects of Erosion in Relation to 

the Theory of the Peneplain. Univ. of 
California. Bull. Dep. Geol., Vol II, 
No. 6. Berkeley, 1899. 

Squire, J. — Report on the Cahaba Coal Field with Map. 

Montgomery, 1890. 
Weidman, S, — A contribution to the Geology of the pre-cambrian 
Igneous Rocks of the Fox River Valley, Wis- 
consin. Wis. Geol. and Nat. Hist. Survey. 
Bull. No. 3. Sc. Ser. No. 2. Madison, 1898. 
Whitney, M. — U.S. Dep. of Agriculture. Report of the Chief of 
the Division of Soils for 1900. Washington, 1900. 



ASIA. 



India. 

Geological Survey of India.— Memoirs. Vol. XXVIII, Pt. i. 

Calcutta, 1899. 

jAfAN. 

Koto, B. — Notes on the Geology of the Dependent Isles of Taiwan. 
Jour. Coll. Sci. Imp. Univ., Tokyo. Vol. XIII, Part i. 

Tokyo, 1899. 



AUSTRALASIA. 



New South Wales. 

Australian Museum. — Memoir IV, Pt. 2. Sydney, 1900. 

Records. Vol. Ill, No. 6, 7. 

Sydney, 1899, 1900. 
New South Wales Cbamber of Mines. Journal. Vol. I, No. 2-6. 

Sydney, 1900. 
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New South Wales Chamber of Mines. Transactions. Vol. r 
No. 1-7. Sydney, 1900. 

Department of Mines and Agriculture. 

Annual Mining Report for the year 1899. 

Sydney, 1900. 

Geological Survey. Records. Vol. VI, Pt. 4 ; 

Vol. VII, Pt. I. Sydney, 1900. 

Andrews, E. C— Report on the Hillgrove Gold Field. N. S. W. 
Gaol. Surv. Min. Res. No. 8. 

Sydney, 1900. 

Queensland. 

Queensland. — ^Annual Report of the Under Secretary for Mines for 

the year 1899. Brisbane, 1900. 

Geological Survey. — Annual Progress Report for the year 1899. 

Brisbane, 1900. 
Cameron, W. E. — Geolo^ of the West Moreton or Ipswich Coal 

Field, Report on. Brisbane, 1899. 

Dunstan B, — Report on the Geological Features of the Country 
between Warren and Mount Lion, in the Rock- 
hampton District. Geol. Surv. Bull. No. 1 1 . 

Brisbane, 1900. 

South Australia* 

Brown, H. Y. L. — Geological Map of South Australia. 

Adelaide, 1899. 

Report on the Gold Discovery at Tarcoola, &c. 

Record of the Mines of S. Australia. 

Adelaide, 1900. 

Victoria. 

Australasian Institute of Mining Engineers. Proceedings. 

Annual Meeting. Melbourne, 1900. 

Proceedings. First Ordinary Meeting,. 

1899. l^iTSt Ordinary Meeting, 1900. 
Melbourne, 1899- 1900. 

Transactions, Vol. VI. Melbourne, 1900. 

The Mining Machinery and Processes 

patented in Australasia. 

Melbourne, 1899. 
Victoria, Chamber of Mines of. Monthly Return of the Gold- 
fields of Victoria. No. 21-26. Melbourne, 1900. 

Second Annual Report for the year ending 30th June, 

1900. Melbourne, 1900. 

Geological Survey of. Monthly Progress Reports (New 

Series), No. 1-12. Melbourne, 1899- 1900. 

Mines and Water Supply. Annual Report of the 

Secretary for 1899. Victoria, 1900. 
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Victoria, Royal Society of. Proceedings, Vol. X-XIII, Pt. i. 

Melbourne, 1897- 1900. 

Dunn, E. J. — The Northward Extension of the Derrinal Conglom- 
erate (Glacial). Proc. Roy. Soc, Victoria, Vol. X 
(New Series), Pt. II., pp. 204-208. 

Note on Perforated Rocks from West Australia. 

Proc. Roy. Soc, Victoria, Vol. X, Pt. II, p. 209, 210. 
Western Australia. 
Geological Survey. — ^Annual Progress Report for the year 1898. 
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Cape Town, 

28th July, 1902. 



The Hon. 

The Secretary for Agriculture. 

Sir, — I have the honour to forward the Report of the 
Geological Commission for the year 1901. During the 
whole of this period the unfortunate state of the country 
prevented the geologists from proceeding with the field- 
work necessary to link up the survey in the South- 
western area in order to complete the section of the 
maps of that portion of the Colony which it is desired to 
issue as soon as practicable. Their work was therefore 
carried on in the Transkeian Territories, where informa- 
tion of considerable scientific value has resulted. The 
declaration of peace will enable the work in the Colony 
proper to be resumed. 

I have the honour to be. 
Sir, 
Your obedient Servant, 
JOHN X. MERRIMAN, 

Chairman. 
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GEOLOGICAL SURVEY 

OF THE 

COLONY OF THE CAPE OF GOOD HOPE. 



director's report for 1 90 1. 



The first working months of 1901 were devoted to a 
re-examination of those parts of the districts of Swellen- 
dam, Heidelberg, Riversdale, and Mossel Bay, where 
the conglomerate and shale, which were included in 
former reports under the term Enon Conglomerate, had 
been found to play a conspicuous role. This was 
deemed desirable for two main reasons, — first, because 
w^e thought it would be well for the Assistant Geologists 
to spend to advantage a few weeks near home, till events 
should show how the military problem was going to be 
solved, and second, because the work of the former 
year in the Uitenhage and Port Elizabeth districts had 
resulted in much light being shed on the nature and 
relationships of the conglomerate, sandstones, and shales 
there forming the series, and thus given some means of 
more exactly defining the series here in the south-west 
of the Colony. Besides, there was the further prospect 
offered of an examination of the new cuttings made in 
the extension of the Cape Central Railway eastwards. 

The work, though by no means exhaustive, was pro 
ductive of much additional knowledge, as may be 
gathered by reference to Appendix L It is obvious 
that, as I pointed out in the report for 1900, the Uiten 
hage Series is one which will require a great deal of 
detailed working before its peculiarities are thoroughly 
realised, and here again the need for a thoroughly good 
topographical map; makes itself more than ever felt. 
The present map, on which all the geological field-work 
has to be plotted, is most unsatisfactory and the Geolo- 
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gist may well hope that the cry which has made itself 
heard from those in charge of military operations as to 
the worthlessness of our Colonial maps, will have some 
effective result. The fruits of the Geological Survey are 
largely thrown away if the localities where certain phe- 
nomena are observable cannot be exactly found by aid 
of the map, when any one is searching for them, and 
further, it is only when one has a clear and convincing 
presentation of the facts on a map that many of the geo- 
logical problems continually arising can be solved. We 
have so often been brought up by the inadequacy of the 
present map that I make no excuse for again urging that 
attention should be given to this great need. 

It will be seen in the sequel that the term *^ Uitenhagc 
Series " has been used for the rocks in the vsouth-west 
which, in 1898, we were content to name ** Enon Con- 
glomerate." This is a result of the acquaintance made 
with the series in the Eastern Province during 1900, 
and given in detail in the report of that year. There can 
be little doubt that in the south-west we have represen- 
tatives of more than the restricted ** Enon Conglome- 
rate " of the east, though even yet no attempt at a defi- 
nite correlation is possible. 

The new light thrown on the character and distribu- 
tion of the superficial deposits by the recent work of 
Messrs. Rogers and Schwarz is of some importance. 
The portion of the map published with the Report for 
1897 requires much correction in this respect. The 
conglomerate at Worcester and Ashton should be shown 
as belonging to the Uitenhage Series, while to the east 
a good deal of the conglomerate and quartzite is much 
more recent. The weathering of a conglomerate like 
the Enon, and the re-cementing of the debris, produces 
newer rocks very like the older ones, and thus mistakes 
are easily possible both ways. Now, however, the 
Assistant Geologists have been able to recognise many 
features characteristic of the newer deposits, and thus 
separate them from the older rock with practically no 
trouble. 

After some eight weeks' work in the south-west, the 
incompatibility of geological work with the necessities 
of Martial Law became so conspicuous, that we all felt 
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that, if the survey was to be carried on, it must be in a 
region free from military rule. The only Colonial terri- 
tory where such was the case, was the Transkei, and 
consequently that region became the scene of the 
labours of the Assistant Geologists. This has of course 
helped again to postpone the production of a com- 
pleted piece of the map as planned. Under normal 
conditions we might have hoped to be able now to 
publish the geology of the whole area represented in 
the south-western quarter of the Surveyor-General's 
map of 1895. As matters really stand, we have a great 
blank still prevailing on that fourth of the map, and the 
presence of finished pieces in the north and south-east 
is not much compensation for that fact. On the other 
hand we set against the drawback caused by this scatter- 
ing of the work from year to year, and consequent delay 
in publication of the map, the fact that the knowledge 
gained in these distant regions has materially conduced 
to a clearer grasp of certain of the phenomena presented 
nearer home. It is of course urgent, for many public 
reasons, that as large a portion of the map as possible 
should be published at an early date, but naturally 
one would like to see the next part which may be issued 
form a definite and utilisable section of the whole. 

Appendices II. and III. give in detail the results ob- 
tained by the Assistant Geologists in the Transkeian 
Territories. Of course work carried on in a new region 
so far removed from those already dealt with, could not 
at once be so speedy or so certain as that done in direct 
continuation of areas already known. Fortunately the 
unmistakeable Dwyka Conglomerate occurs in the 
Transkei, and no better geological bench-mark could be 
desired. It is easily possible thus to separate the 
Karroo rocks above the Dwyka, from the older Palaeo- 
zoic quartzites and sandstones, though any nearer sub- 
division may have to be more or less tentative. 

One interesting feature of the trip was the opportunity 
afforded for an investigation of the richly fossiliferous 
Cretaceous rocks, named on Mr. Dunn's map the *^ Um- 
tamvuna Beds," and originally described, almost fifty 
years ago, by Messrs. Garden and Baily. Mr. Anderson 
has in Natal also been working at the Cretaceous Beds 
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of that colony, and informs me that he has found the 
same richness in fossil contents as prevails in Pondo- 
land. The section of Appendix II. devoted to the 
Cretaceous rocks gives the main facts discovered last 
year. 

Igneous rocks are an important feature in the geology 
of the Transkei. They apparently belong to the same 
series of intrusions as appear in the rocks of the Karroo. 
The so-called Transkei Gap was found by Messrs. 
Rogers and Schwarz to be due to the erosion of a coarse- 
grained dioritic dyke. Many of the details will be found 
in the Appendix on the Kentani Division. 

As this is the last annual summary of progress which 
I shall have the honour of preparing in connection with 
the geological survey of the Colony, I may be permitted 
to place on record my high appreciation of the work 
done by my colleagues Messrs. Rogers and Schwarz. 
Often left for months alone in the field, they have never 
failed to display the utmost enthusiasm in the work of 
the survey, and have spared neither time nor trouble to 
make the result as valuable as possible. It is a regret 
to me that circumstances should have prevailed to make 
what was meant to be a temporary arrangement exist 
for seven years, and that there should be such result as 
there is to show, must be placed entirely to the credit 
of the two Assistant Geologists, to whom I personally 
owe a deep debt of gratitude for the ready manner in 
which they have accepted the position and carried on 
difficult work without that support which should have 
been more often available from me. 

There is also something more than regret in my mind 
that my connection with the survey should end while 
yet we have made little more than a beginning. During 
the past seven years we have had little experience of 
normal times, for pestilence followed the dispeace of 
the raid, and war the pestilence. The future must con- 
tain brighter days for the geological survey, and I hope 
I may be able to resume in some form or other my con- 
nection with a work of such interest and importance. 

GEO. S. CORSTORPHINE, 

Director of the Geological Survey. 
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REPORT ON A JOURNEY FROM SWELLENDAM 

TO MOSSEL BAY, 

1901. 



A. W. Rogers and E. H. L. Schwarz. 

During March and April of this year, parts of the country 
between Swellendam and Mossel Bay were ! re-visited, with a 
view to making additions to and corrections of the geological 
map already constructed. The extension of the Cape Central 
Railway from Swellendam to Riversdale made it probable that 
much fresh information regarding the Uitenhage Series,^ would 
be obtained from cuttings along the new line ; and further 
evidence of the nature and distribution of the rocks named 
" surface quartzites " and '* ironstone gravels " in former reports 
was desirable. Some fresh facts regarding the older rocks of 
the district were noticed, especially to the north of Mossel Bay, 
but no further separation of the Bokkeveld and W'itteberg Beds 
of the Ruggens could be attempted. 

On Hagel Kraal, a farm about eighteen miles north-west of 
Mossel Bay, a triangular area of micaceous slate, or phyllite, 
was found lying between the Table Mountain Sandstone on 
the north-west and the conglomerate of the Uitenhage Series 
on the east and south. The dip of the slates is nearly vertical, 
and the strike about east and west. The Table Mountain 
Sandstone to the north-west of the slates has a south-easterly 
dip, but the actual junction of the two rocks was not seen. It 
is probable that there is an overfold in the sandstone here, as 
between the Robinson Pass and the village of George, where it 
dips south under the Malmcsbury Beds and granite.^ The 
Hagel Kraal slates resemble some of the less micaceous varie- 
ties of phyllite met with in the George Division, such as those 
exposed by the road-side between Blanco and the Montagu 
Pass. They may be classed with the Malmesbury Beds. 

An opportunity occurred of examining the curiously shaped 
hill named Bottels Kop, situated some ten miles north of Mossel 
Bay. It is part of a small area of a brecciated quartzite contain- 



As will be explained later, the term Enon Conglomerate used in former Re- 
ports to include all these rocks in the districts of Swellendam, Mossel Bay and 
George, has been abandoned on account of its inaccuracy. 

(*) See Annual Report, Geological Commission for 1898, p. 60, 
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ing a few small pebbles of white vein-quartz. The hill is 
conical in form, with three crags at the summit, which give the 
name to the hill ; one of the crags is a large mass of the quart- 
zite supported upon a pillar of smaller diameter made of the 
same material. The rock weathers rather readily to a sandy 
mass, and the sides of the hill have much the same appearance 
as those composed of the white conglomerate of the Uitenhage 
Series. Parts of the quartzite are slightly micaceous, and have 
a somewhat schistose character. The bedding is obscure, but 
some divisional planes, probably those of bedding, seen in the 
crags on Bottels Kop, have a dip of about 15 degi'ees to the 
south Several quartz-veins of small dimensions traverse the 
quartzite. The area occupied by the quartzite is roughly trian- 
gular ; on the north side the rock is bounded by the gneissose 
granite which extends from Brandwacht to the Great Brak 
River, and on the south-east and south-west sides the conglo- 
merates of the Uitenhage Series overlie it. The junction with 
the granite wjis not seen, as a tract of ground without any out- 
crop, some three hundred yards in width, separates the neai'est 
outcrops of the two rocks ; the correlation of the Bottels Kop 
quartzite with the other rocks of the district is therefore a 
matter of some uncertainty. In the presence of white quartz- 
pebbles and the great thickness of the quartzite, it resembles 
the Table Mountain Sandstone, which is seen on Hartebeest 
Kuil, about eight miles to the south-west; but the Table 
Mountain Sandstone is generally a much more compact 
rock than that of Bottels Kop. On the other hand, there is no 
mass of quartzite of similar thickness known in the Malmes- 
bui*y Beds of Mossel Bay or George. The micaceous quartz- 
schist of George, to which the Bottels Kop rock has a certain 
resemblance, forms bands, probably under 100 feet in thickness, 
lying between phyllites, and is different lithologically from the 
latter. On the whole it is more probable that the rock of Bottels 
Kop belongs to the Table Mountain Sandstone than to th? 
Malmesbui-y Series. From the position of the conglomerate and 
clays of the Uitenhage Series, forming the hills to the east, west, 
and south of Bottels Kop, and rising to a greater height than it, 
it is certain that the Bottels Kop quartzite was once entirely 
buried under them, and has again become a hill owing to ex- 
posure ty denudation. It is probable that the present form of 
the hill has not since its reappearance been materially altered 
by the weather, and therefore that the rock composing the hill 
has been subjected to percolating surface water for a very long 
period ; this may to some extent account for the friable charac- 
ter of much of the rock. 

Gneissose granite crops out along the stream from Kievits 
Kraal, and is a red rock containing biotite. 

To the north-east of Herbertsdale the Table Mountain Sand- 
stone of the Langebergen extends about four miles further 
[G. 48—1902.] C 
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south than was thought when the district was first examined. 
Outcrops of the rock immediately south of the mountains were 
met with in the steep kloofs which intersect the flat-topped 
hills ; these latter are capped with the quartzite and other 
deposits which will be described later, and in general appear- 
ance resemble the hills cut out of the Uitenhage Series lying 
further south. On the eastern part of the farm Lange Fontein 
just west of the Table Mountain Sandstone described above, 
there is a small patch of slates, which, although no fossils were 
found in them, can be regarded as belonging to the Bokkeveld 
Series, as the Table Mountain Sandstone dips under them, and 
in lithological characters they closely resemble the Bokkeveld 
slates of the Ruggens. On the north, west, and south sides 
the slates are covered unconformably by the beds of the Uiten- 
hage Series. This outcrop of the Bokkeveld Beds is separated 
from the nearest outcrops of the phyllites of the Malmesbury 
Series by a distance of about six miles. The dip of the Table 
Mountain Sandstone varies very greatly at different spots be- 
tween the yoiniger and older formations, but the close survey 
of that part of the district necessary for making out its true 
structure could not be made. It is not improbable, however, 
that the Bokkeveld outcrop of Lange Fontein is directly con- 
nected with that north of Aasvogel Berg, below the unconform- 
able covering of the Uitenhage Series. The projections of 
the Table Mountain Sandstone southwards from the Lange- 
bergen between Lange Fontein and Hagel Kraal may extend 
under the Uitenhage Series and meet the tongue of the same 
rock which stretches northward from the east end of the Aas- 
v^ogel Berg area as far as Hartebeest Kuil. If- this bridge of 
sandstone connecting Aasvogel Berg with the Langebergen 
exists, it differs from the somewhat similar, but much larger 
connection between the Langebergen and Zwartebergen des- 
cribed in the Annual Report for 1898 (p. 60), by the fact that 
rocks of pre-Table Mountain Sandstone age occupy all the 
ground (omitting the Uitenhage Series) between the two ranges 
east of the connection ; while in the case of the district north 
of the Langebergen, the ancient rocks are brought to the 
surface only immediately south of the Zwartebergen. 

The maintenance of the general trend of the Langebergen 
throughout the Riversdale and Mossel Bay Divisions, in spite 
of the great change of structure along the southern foot of the 
range between Lange Fontein, where the sandstone dips under 
the Bokkeveld Beds, and Hagel Kraal or the Robinson PavSS, 
where the dip of the sandstone is reversed and apparently dips 
under the Malmesbury Series and granite, is very remarkable. 
It seems to point to some former special conditions of denuda- 
tion in the country eiist of the place where the change in struc- 
ture occurs. This country is now a shelf between the Lange- 
bergen and the coast, deeply trenched by the rivers flowing 
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from the mountains but unbroken by hilh- due to folds in the 
rocks, these having been planed down to a more or less 
uniform slope irrespective of their lithological or structural 
chaiacters. Part of the reduction of the country was brought 
about before the deposition of the Uitenhage Series, but the 
inequalities were filled in subsequently by these rocks, and the 
present form of the coastal shelf is independent of their 
distribution ; the Malmesbury Beds, granite, Table Mountain 
Sandstone, and the soft clays and conglomerates of the 
Uitenhage Series have alike been planed down to a common 
level. 

Near the village of Swellendam there are several small sec- 
tions of reddish gravelly conglomerate seen in the ditches by 
the roadside. They are particularly noticeable along the first 
two or three miles of the main road to Heidelberg. The 
pebbles are of slaty shale and impure sandstone, derived from 
the Bokkeveld and Witteberg Beds of the neighbourhood. The 
surface of the country generally is covered with gravels, largely 
made of Table Mountain Sandstone pebbles and boulders, and 
at the time of our previous examination of the district we took 
the gravels along the main road to be recent gravels At a 
bore-hole sunk at the Swellendam railway station, however, a 
thickness of 350 feet of conglomerate was pcissed through, and 
the boring w;is stopped before the underlying rock was reached.^ 
The core shows the rock to be a conglomerate of rounded 
pebbles of slate, shales and micaceous sandstone, with a matrix 
of red and greenish sandy clay. Near the bottom of the hole a 
boulder of micaceous clay-slate, 7 ft. in diameter, was pierced, 
which was probably derived from the Malmesbury Beds lying 
north of the Worcester-Swellendam fault ; with the exception 
of this boulder, all the pebbles may well have come from the 
Bokkeveld and Witteberg Beds, and no fragments of Table 
Mountain Sandstone were met with. The thickness of this 
conglomerate, and the character of the pebbles and matrix 
clearly show that it belongs to the series of conglomerates, 
sandstones, and shales which we have described in former re- 
ports under the name of Enon Conglomerate, following the 
nomenclature of Mr. Dunn. The knowledge gained by the 
boring at Swellendam station enabled us to separate more 
certainly than before, when we had only small exposures in 
ditches to go by, the recent gravels and surface rubble from 
the conglomerates belonging to the Uitenhage Series. The 
latter were found to form an oval patch of ground between 
Distal's Fontein, on the east of Buffeljagt's River, and the vil- 
lage of Swellendam, an area about nine miles in length from 
W.N.W. to E.S.E. by four in width. Practically the whole of 

(») Our thanks are due to Messrs. Saunders and Oakley, of Cape Town, for 
placing these facts at our disposal and allowini' us to examine the core from thin 
borehole 
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this area is covered by recent gravels or surface quartzites, and 
with the exception of a steep bank overlooking the alluvial 
plain on the east side of the Buffeljagt's River below the bridge, 
the conglomerates of the Uitenhage Series are only seen in 
artificial sections. In a shallow pit near the Swellendam sta- 
tion the conglomerates are seen to contain thin beds of sandy 
clay ; these beds have no considerable extent, but thin out 
rapidly ; they dip to the E.N.E. at an angle of about 15 degrees. 
Cuttings on the new railway line between Swellendam and 
Buffelsjagt's River have laid bare the conglomerates at a few 
spots. At one of them about five miles from Swellendam, in 
which white sandy clays are interbedded with conglomerates, 
the conglomerate is largely made of Table Mountain Sandstone 
pebbles, like the Honigklip's Kloof rock. This section is the 
only one yet found in the Swellendam Division in which the 
conglomerates of the Uitenhage Series are composed of pebbles 
of Table Mountain Sandstone. There is often difficulty in 
deciding whether any one exposure of conglomerate belongs to 
the Uitenhage Series or to the overlying recent gravels. This 
difficulty is of course greatest in the case of an exposure which 
is too small to allow bedding or deposits of different character 
to be detected if present. One very useful criterion exists, 
however, in the presence in many of the recent grav^els of worn 
fragments of the surface quartzite which frequently caps the 
hills composed of the Uitenhage Series ; this quartzite is of 
very much later origin than the Uitenhage Series and separated 
from it by a strong unconformity. Even small fragments of it 
can be readily distinguished in the field from any other quart- 
zite known to occur in this country, so that the presence of 
boulders of this rock in a bed of gravel is a proof of the recent 
age of that gravel, and clearly separates it from the Uitenhage 
Series. 

To the east of Buffeljagt's River red conglomerates, composed 
of pebbles of slates and sandstones, derived from the Bokkeveld 
and Witteberg Beds together with a few which may have 
come from the Table Mountain Sandstone, embedded in a red 
sandy clay, are seen on the steep slope of the plateau, which 
has been cut back by the river at no very distant period. 

As to the form of the surface on which these conglomerates 
and sandy clays rest there is not much evidence ; that their 
western limit is probably a cliff-like wall of considerable height 
is shown by the occurrence of a depth of at least 350 ft. of con- 
glomerate at the Railway station, while about half a mile to the 
west, just west of the main street of Swellendam, rocks belong- 
ing to one of the older formations crop out considerably above 
the level of the station. The exact position of the boundary 
between the two sets of rocks is not observable, cis alluvial de- 
posits overlie it. That a cliff-like boundary exists at Swellendam 
is quite agreeable with what has been noticed elsewhere, at 
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spots where the actual junction is seen, such as the left bank 
of the Lang Touw River, about a mile below Herbertsdale. 
Along other parts of ^he boundary it is impossible on the present 
evidence alone to decide upon this question. 

The area occupied by the Uitenhage Series near Swellendam 
appears to be isolated. It is certainly cut off from the similar 
rocks in the west near Ashton, which lie some 25 miles away, 
while between it and the Heidelberg basin, which commences 
near Slang River 15 miles from the eastern limit of the Swellen- 
dam outcrop, the older rocks crop out at several points. A 
narrow connection, however, between the two may possibly 
exist and may have escaped detection owing to concealment 
under superficial deposits. When examining the new -sections 
in the Heidelberg basin, we found that the rocks had under- 
gone much more disturbance than we formerly thought, and 
the same may be the case at Swellendam, though it is difficult to 
regard the Swellendam basin as due altogether to earth-move- 
ment of post-Uitenhage date. Looking at all the evidence, it 
is probable, therefore, that the deposits of the Uitenhage Series 
were laid down in a pre-existing rock basin, the origin of which 
is as yet unexplained. 

In the Heidelberg basin there are many fresh sections opened 
up along the line of the Cape Central Railway from the water- 
shed between the Doom and Klein Doom Rivers and Rivers- 
dale. The examination of those cuttings has revealed three 
important facts, — the predominance of sandy clays and shales 
over conglomerates in this basin ; the considerable disturbance 
of the rocks ; and the wide distribution of the Estheriaj^ which 
we had formerly obtained only from the immediate vicinity of 
the village of Heidelberg, and on the bank of the Spiegel River. 

In the railway-cuttings a sandy clay-rock is the most abun- 
dant. It is grey in colour, sometimes laminated so as to be a 
shale, but often forming beds up to three feet in thickness. 
There are frequent intercalations of conglomerate sometimes 
seen in the sections as mor^ or less lenticular beds, often only 
a few inches thick and a few feet in ' length, but sometimes of 
irregular form and many feet thick. On the south side of the 
Klein Vette River, about six miles west of Riversdale, there is a 
section on the railway through a mass of conglomerates and 
sandy clays. The beds of conglomerate often lie on an 
unevenly eroded surface of clay or sand, and their upper sur- 
faces are irregular, as if the conglomerate had been deposited 
in heaps, or had been subjected to contemporaneous erosion, 
and the resulting depressions filled in with material similar to 
that below the conglomerate. Phenomena of this nature were 
observed on the line at several spots between Heidelberg and 
Riversdale, and clearly point to the deposition of these rocks in 
water in which strong currents prevailed. 

Many sections on the south side of the Doom River (Heidel- 
berg) show thicknesses of ten feet of laminated sandy clays 
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without any admixture of conglomerate. Away from the rail- 
way cuttings it is always diflicult, and often impossible to decide 
upon the nature of the rock underfoot, for the surface is gene- 
rally gravelly, and the pebbles may or may not come from the 
rock just below the soil ; but it is certain, from an examination 
of the railway sections, that the general presence of pebbles in 
or on the soil gives one a greatly exaggerated idea of the extent 
of the conglomerates. The weathering of a thin bed of con- 
glomerate of which the pebbles, or the larger ones, are left on 
the surface, while the sandy or clay matrix is washed away, 
leaves a covering of pebbly groimd overlying clay or shales. 

The conglomerates in the area dealt with are by no means 
confined to the lower portions of the Series. The general dip is 
between north and east. The beds of conglomerate seen in a 
kloof, near the main road about two miles west of Heidellxng, 
overlie the clays and shales exposed in the railway cuttings south 
of the Doom River, for all the dips observable in that neigh- 
bourhood are northerly in direction. To the north-east of 
Heidelberg also, the conglomerates of the upper part of the 
Spiegel River overlie and dip away from a considerable thick- 
ness of shales which are exposed at various spots between the 
farm Spiegel River and the main road. At Cape St. Blaize, 
where the Uitenhage Series is represented by a hard sandstone 
resting upon a denuded surface of the Table Mountain Sand- 
stone, which here dips steeply southwards, there are only a few 
inches of breccia at the base ; and westwards along the coast 
at certain places there is no breccia or conglomerate seen at 
the bottom of the Uitenhage Series, which are more clayey than 
at Cape St. Blaize. 

The valves and impressions of Esihcria^ similar to those which 
were first found on the hill north west of Heidelberg, occur in 
several of the cuttings on the railway line between the Doom 
River and Riversdale. 

In a cutting at the place where the line enters the Doom 
River Valley from the south-west there is a section through 
thin-bedded sandy clays containing Estheria ; there are con- 
cretionai*y layers of carbonate of lime and iron with " cone-in- 
cone " structure, and also thin layers of gypsum. This section 
is interesting also in showing two small faults, one an over- 
thrust along which the beds have been displaced three feet, and 
the other a small normal fault. Several small faults were met 
with in the cuttings in the Doom River valley but none of 
them shifts the beds through a distance as great as the height 
of the cutting. The dips in these cuttings reach 30® and are 
towards N. 20® E. 



(') Some specimens of the Esthcr'ui obtained diirinj^ a former examination of 
the Heidelberji Division were placed in the hands of Prof. T. Rupert Jones, who 
found them to be a new species which he named E, afwuuila See Geologica 
Magazine, 1901, p. 350. 
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In the village of Heidelberg the hill on which the Magazine 
stands has been excavated to make room for the railway station. 
The rocks excavated are clays and sandy clays. Estheria is 
abundant in them, and also a small Ostracod with smooth 
valves ; fragments of indeterminable plant remains and a 
lamellibranch like Psmnmobia were also obtained in the same 
beds. Clays and sandy clays, with Estheria like those of the 
Doom River Valley and Heidelberg were seen near the railway 
bridge across Spiegel River and also in the Vette River Valley 
about eight miles from Riversdale. 

The succession of beds of the Uitenhage Series in these dis- 
tricts is very different from that in the Uitenhage Division. In 
former reports^ dealing with this series outside the Uitenhage 
Division the name Enon Conglomerate was used to include 
all the deposits ; the reason for this was that the term Enon 
Conglomerate had come into general use through Atherstone's 
descriptions and the maps of Mr. E. J. Dunn, and we had 
little knowledge of the relationship of these rocks to those of 
Uitenhage. The examination of the latter locality made during 
1900' gave much information on the subject, and leads us to 
suspect that the rocks till now described as Enon Conglome- 
rate in the west, are the equivalent of a considerably greater 
part of the Uitenhage Series than that division of it. Atherstone 
gave the name Enon Conglomerate to the red conglomerates at 
the bottom of the Series in the Uitenhage Division. These 
rocks comprise little else than conglomerates, the overlying 
sandstone and plant-bearing shales being vei*y properly 
separated from them by Atherstone under the names of Zwart- 
kop's Sandstone and Wood Bed, while to the overlying marine 
beds Atherstone gave the names "Lias Marls" and Dunn 
called them Sunday's River Beds. In the Report for 1900' 
it was stated that marine fossils were found in parts of the 
Enon Conglomerate, and that it seemed probable that this Con- 
glomerate in different localities should be regarded as corres- 
ponding to various portions of the Uitenhage Series, rather than 
as a definite and limited division, always older than the Wood 
Bed and Sunday's River Beds. Both in the Sunday's River 
Beds at Uitenhage and in the conglomerate of Plettenberg's 
Bay Trlgonia conocardiformis is found, which is good evidence 
that the rocks in these localities were formed at about the 
same time. The Trigonia has not been found west of 
Plettenberg's Bay, but the rocks of that locality are so similar 
in nature and geological position to those further west that 
there can be no doubt that they all belong to approximately 

(') Annual Report, Geological Commission for 1898, pp. 61, 78 and 84 ; Annual 
Report, Geological Commission for 1899, p. 6r. 
(*) Annual Report, Geological Commission for 1900, pp. I- 18. 
(■) Annual Report, Geological Commission for 1900, p. 5. 
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the same period, although no palaeontological evidence can be 
brought forward at present to prove it. 

During the re-examination of the Series in the southern 
districts, the point that we noticed particularly was, as already 
stated, that the conglomerates form a smaller proportion of 
the whole Series than we thought wtis the case, and also that 
bands of conglomerate are interbedded with, and overlie the 
plant-bearing shales of Heidelberg and Herbertsdale, which 
were probably formed under conditions similar to those which 
prevailed in the Uitenhage Division during the formation of 
the Wood Bed. 

The Esflieria which is so widely spread in the shales of 
Riversdale has not yet lieen found in the Uitenhage district, 
nor has any species of plant been found to be common to the 
two districts. 

As we have seen, the conglomerates and shales ai^e frequently 
found to dip at considerable angles and are also faulted, so 
that they do not lie in the positions in which they were 
formed. It is very probable that the disturbances they have 
been subjected to have not been sufificient to obscure to any 
great extent the form of the surface upon which they were 
deposited. It is practically certain for instance that the 
conglomerates of Swellendam were formed in a deep hollow, 
the outlet of which has not yet been found, and that the 
Langebergen rose to a greater height above the hollow than 
above the present valley bottom ; similarly, in the districts 
further east, the same range towered above the basin in which 
the conglomerates and shales of Riversdale and Heidelberg 
were being laid down. From the observable evidence of the 
great denudation which took place before the deposition of 
the Uitenhage Series in these districts, and from the presence 
of pebbles of Table Mountain sandstone in the conglo- 
merates, we know that this sandstone was exposed during the 
deposit-on of the latter ; that the great complex fold of the 
Langebergen was also in existence then is proved by the 
relationship of the Uitenhage Series to the folded rocks on 
which it rests. Some further movement along the old 
east and west lines of weakness may have affected the 
relative height of the crest of the Langebergen and the coun- 
try immediately south and north, and may account for the 
observed dips and dislocations in the Uitenhage Series ; but 
it is not probable that the form of the mountains has been 
materially altered by earth-movements since the beginning of 
the deposition of the latter. The only forces which have 
altered considerably the form of the range are those of denuda- 
tion ; since at the latest the Uitenhage Series is regarded as of 
Lower Cretaceous age, and there is no evidence to show that 
the Langebergen were ever completely buried under that 
series of rocks, it is obvious that the mountains must hj^ve been 
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very considerably reduced in height during the time which has 
elapsed since Lower Cretaceous times. We may conclude 
from this that the countiy in which the Uitenhage Series was 
deposited was extremely rugged and that the declivities around 
the areas of deposit were very great. The great excess of the 
materials derived from the mountains through the agents of 
denudation over the amount which the rivers di'aining the 
area were able to carry away, gave rise to the deposits we are 
now dealing with. 

Superficial Deposits. 

The cuttings along the new railway have given us a better 
knowledge of the relationship of the recent gravels and quart- 
zites to the older rocks, and to the drainage of the country than 
we had before. The recent deposits were briefly described in 
the 1898 Annual Report, p. 51, and three varieties were distin- 
guished, ist. The Genadendal type, consisting of boulders 
cemented together by a ferruginous matrix ; 2nd. the Napier 
type consisting of a sandy ironstone ; and 3rd. the Zwartklip 
type consisting of fresh-water quartzite or burr-stone. These 
three varieties were described as lying upon an old plain 
which w^s afterwards cut into by river channels to form the 
hilly country of the Ruggens. It was impossible to decide 
whether this plain was due to marine planation or whether it 
was just a levelling of the ground owing to the rivers having 
cut down to near sea-level, and the gravels in themselves 
afforded no conclusive evidence either way. In the followinf 
description it will be seen that the typical gravels on the tops 
of the hills grade into gravel plateaux which were undoubtedly 
formed by rivers, so that a definite advance has been made in 
understanding the formation of the Ruggens and the gravel 
caps. 

On the west of Swellendam village there are three flat- 
topped hills covered with gravel, having a slight slope to the 
south. They lie between the streams which run down from 
the mountains, and overlook the valley of the Keurboom's 
River which comes from the west ; on the south of the 
Keurboom's River the hills are not capped with gravel. The 
westernmost is the smallest, the next, larger, and the third, 
lying immediately to the west of Swellendam village, is 
divided into two, a small patch lying much nearer the 
mountains than the rest. On the opposite side of the xTilley 
in which the village lies, there is again another similar flat- 
topped hill which is practically part of the gravel-covered 
plateau to be described shortly. The gravel in these hills is 
not anywhere shown in section, and on the surface it seems 
to be made up of large blocks of Table Mountain Sandstone 
which are more of the nature of fallen blocks than of boulders 
carried by water. 
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These hills are probably the remains of a once nearly level 
surface covered by a continuous sheet of boulders and debris 
derived from the mountains. 

About three miles to the east of Swellendam there is a ridge 
in a similar position to these gravel-capped hills, but here the 
cap is made of hard burr-stone with only scattered fragments 
of foreign rocks. The ridge crosses the main-road at the 
highest point between the Cornland's and Buflfeljagt's River 
valleys. From here the ridge runs south towards the Breede 
River with a more or less continuous capping of quartzite. 
The ridge towards the Breede River is bordered by a second 
plateau some 40 ft. below the summit ; this is also covered with 
gravel and is found on the north side of the river to the east 
of Swellendam and can be followed as far as the Buffeljagt's 
River. Where the new railway cuts through the ridge there is 
a cap of the quartzite on top ; on the east side there is a 
second patch of quartzite some 60 ft. below the first. This 
quartzite is somewhat -more clayey than usual and in the lower 
part it grades into a yellow clay. It is horizontal and has all 
the appearance of being in its original position ; the natural 
inference is therefore, that it is the product of the river lying 
to the east of the ridge, that is, of the Buffeljagt's River. This 
view is strengthened by the fact that the quartzite is separated 
only by a very slight rise from the plains covered with iron- 
stone gravel which eventually merges into the gravel-covered 
plateau bordering the lower reaches of the Buffeljagt's River, 
and the north bank of the Breede River. The thickness of this 
lower bed of quartzite is about three feet. 

On the main road the quartzite is seen on the south side 
where there is a quarry from which building stone is obtained. 
The rock is a cream coloured or yellow quartzite with a certain 
proportion of clay. In the lower layers the rock has the 
appearance of a yellow burnt brick, but on the surface there 
appears to have been a hardening probably by deposition of 
silica between the grains of the rock. As a rule the rock seems 
homogeneous, the quartz-grains of which it is composed being 
too minute to be visible to the eye, but gaps and irregular cavi- 
ties are frequent, usually with deposits of iron oxides ; there are 
also small pebbles or grains of vitreous vein-quartz, and in 
places a few pebbles of Table Mountain sandstone and other 
quartzites occur. On the opposite side of the main road, and 
between it and the road going down into Appel's Bosch, there 
is a thick development of the quartzite, the lower parts of which 
grade into a white clay. The thickness of these caps is here 
not less than twenty feet. 

The main gravel plateau is found along the north side of the 
Breede River from the east side of the Cornland's River to the 
west side of the Buffeljagt's River and is thus on the outside of 
the bend of the Breede River which here tiirns from a general 
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easterly course to a southerly one. The height of the plateau 
is from loo to 120 ft. above the alluvial flats along the river. 
On the west of Swellendam it is cut in Witteherg Beds, on the 
e<ist in Uitenhage Beds, the latter consisting mostly of red con- 
glomerate composed of slate and sandstone pebbles ; on the 
north the plateau is bounded by the ends of the foot hills of 
the mountains, and on the south the plateau is cut into a series 
of amphitheatres overlooking the Breede River, and having 
steep sides and level floors filled in with alluvium and covered 
with gravel and bush ; in one of these amphitheatres a race- 
course has been made. Down the centre of the plateau 
there is the ridge of quartzite-capped hills mentioned above, 
but towards the south the difference of level between the 
plateau and the top of the ridge becomes less and less till the 
southernmost block of quartzite lies actually in the plateau. 
The gravel-covering consists of rounded boulders of Table 
Mountain sandstone stained with brown iron oxide, and often 
accompanied by deposits of ironstone and ironstone-gravel, 
similar to the laterite of the Cape Flats. Near the Buffeljagt's 
Railway Bridge the line from Swellendam crosses the gravel 
plateau which is here covered with great debris-blocks of 
Table Mountain Sandstone. There can be little doubt that 
these blocks are merely those that have fallen down from the 
mountains, and have been carried for a considerable distance 
over the gently sloping plateau perhaps by mud-rushes or 
rain-bursts. The large blocks are frequently four feet in dia- 
meter, and have sub-angular edges and corners. The extent of 
plateau covered in this wiiy with debris is some two or three 
square miles and lies three miles distant from the Breede River 
and four miles from the mountain slopes ; it is of the same 
nature as the caps of the hills south of the Keurboom's Rivei- 
near Swellendam. On the east of the Buffeljagt's River there 
is a further stretch of plateau ending on the north-east and south 
sides in the ordinary hills of the Ruggens, and on the west 
terminated by a steep slope, some 100 ft. high, overlooking the 
Buffeljagt's River. The covering is mostly composed of brown 
boulders of sandstone. 

The conclusions to be drawn w4th reference to this plateau 
are : — ist. That it is of the same nature as that out of which 
the Ruggens was cut, owing to the similarity of the quartzites 
found in each ; 2nd. That the plateau was formed by the 
Breede River and its tributaries either when there was a 
barrier in its lower course stopping the flow of water, or more 
probably when the sea-level was only slightly lower than the 
plateau ; and 3rd. That the nature of the deposit on the plateau, 
whether of the one particularly described or of the Ruggens is 
dependent on the local conditions ; near a mountain range the 
deposit contains large numbers of fallen blocks, further away 
from the mountains, the deposit may be of water-worn boulders 
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gravel, fine sand, limno-quartzite or burr-stone, clay or iron- 
stone. 

A very good example of the gravels is found to the east of 
Zuurbraak. The Groot Vaders Bosch stream runs due west 
under the mountains ; cutting this drainage valley at right 
angles there is another which probably was the original line of 
drainage on the plain, that is to say, the Buffeljagt's River, now 
running south through the Tradouw Pass, originally continued 
in a southerly direction along a valley now occupied by the 
Riet Kuil's and Karnemelk's Rivers. The Buffeljagt's River 
when it comes out of the Tradouw Pass now turns abruptly 
west, and is a tributai-y of the Groot Vaders Bosch River. The 
assumption of a former north and south drainage line is neces- 
sary to explain the presence of the gravels with debris-blocks 
that cap the hills overlooking the Zuurbraak valley. On the 
south siae of the Groot Vaders Bosch River, these accumulations, 
exactly similar to those west of Swellendam, must once have 
been part of a plain that was continuous with the slopes of the 
mountains, as the debris-blocks could not have rolled down 
the mountain and skipped over any considerable valley, such as 
the present east and west one that separates them "from the 
present mountain slopes. Between this original drainage line, 
namely the Buffeljagt's as fai* as its junction with the Groot 
Vaders Bosch River, the Riet Kuil's and the Karnemelk's Rivers, 
and the valley of the Breede River, there is at present a region 
of gravel-capped hills forming a high ridge some 600 ft. above 
the level of the last-mentioned river ; this ridge has a slope 
towards the sea. The materials forming the caps are of the 
usual kinds, creamy and yellow quartzites and ironstone gravels. 

Along the Spiegel River east of Heidelberg there are good 
exposures showing the relation of the recent gravels to the 
Uitenhage Series ; the gravels we formerly had an opportunity 
of studying rested on the ordinary slates of the Ruggens 
assigned to the Bokkeveld or Witteberg Series, and from their 
gravelly nature they might easily be mistaken for outlying 
patches of Enon Conglomerate ; it is not till one sees the 
recent gravels resting unconformably upon the Uitenhage Series 
that one can appreciate to the full the difference between them. 
On the upper reaches of the Spiegel River, and on the west 
side of the river, there is a ridge stretching south from Amandel- 
bosch Rug. The northern part of the ridge is made of Bokke- 
veld slates, but there is only a narrow zone of these, about half 
a mile wide, the southward continuation being made of red, 
white and green clays and shales with interbedded conglome- 
rates, belonging to the Uitenhage Series. Perched on the top 
of the ridge are blocks of recent quartzite looking from a 
distance more like granite tors than rocks of aqueous origin. 
The rock is a conglomerate with a quartzite matrix. The 
^oft nature of the material on which the quartzites rest causes ^ 
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rapid under-cutting of the hard cap, and blocks are frequently 
detached and fall down to the river ; this is the reason why 
there are so few caps remaining on the ground occupied by the 
Uitenhage Series. Lower down and away from the mountain 
slopes, the rock becomes an ironstone gravel. Where the rail- 
way cuts across this ridge the crest is considerably lower than 
the original plain of the Ruggens, but is still some 200 ft. above 
the level of the Spiegel River ; in this railway cutting, the 
alluvium of this rix'er is exposed 100 ft. above the level of the 
present bed and piled up against a steep bank of Uitenhage 
Beds. In this alluvium, which consists of yellow sand with 
beds of coarse gravel and boulders, there are several great blocks 
of hard creamy yellow quartzite, quite angular and with no 
traces of any water action, the largest block in the section is 
eight feet long by three feet wide ; another block exposed, 
surrounded on all sides but one with mud, is nine square feet 
in section. The presence of these blocks is due to the river 
having undercut a cliff capped with a bed of these quartzites, 
but it is interesting to note that at such an early date, when the 
river had not cut more than 100 feet into the plain, the quart- 
zites were already hardened and compacted. 

Very good sections of the quartzite lying upon the Uiten- 
hage Series are laid bare in the valley of the Nauga River 
near Herbertsdale. The unconformity is strongly marked in a 
section on the left side of the x-alley, where the Uitenhage 
Beds are composed of conglomerates and sand, and dip 
south-west at an angle of about 20®. The hill is capped by 
a bed of sandy clay with conglomerate and quartzite on the" 
top, in all about ten feet thick. The clay and quartzite is part 
of a large area of similar material widely spread over the hills 
between the Mossel Bay main road and the Langebergen, but 
we have not seen elsewhere such a clear section showing the 
relationship of the quartzite caps to the Uitenhage Series as in 
the Nauga Valley. 

The presence of conglomerates on the hill-tops which must 
have been formed on a very gently sloping plain at a distance 
of some miles from mountainous ground, may seem 
anomalous, but the conglomerates of the Uitenhage Series 
very probably supplied the boulders and pebbles now found in 
the gravels on the tops of the hills, and the latter may have 
been derived from spots very close to their present positions. 

A, W. ROGERS, 

E. H. L. SCHWARZ, 

Assistant Geologists. 
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EASTERN PONDOLAND. 



A. W. Rogers and E. H. L. Schwarz. 



The Native Territories, including the Transkei, Tembuland, 
Griqualand East and Pondoland, occupy a tract of country 
between the Drakensberg and the sea, a distance of about 120 
miles. On the sea-coast the Territories extend from the Great 
Kei River to the Umtamvuna River, a distance of 150 miles ; 
the coast-line is remarkably straight, and trends in a north-east 
direction ; the inland border of the Territories is irregular. 
The total area is 17,542 square miles. 

The Territories can be divided into three classes of country 
lying in belts parallel to the coast. The first, and the one wc 
shall be most concerned with in the following description, is 
the elevated coast plain, or rather a succession of coast plaius 
that rise one above another like gigantic steps all along the 
coast. It has an average width of 30 miles. On the inland 
edge of this belt there is the watershed of the coastal streams, 
behind which the main rivers of the country have their basins ; 
these are more or less circular and the contributary streams 
gather together behind the watershed, so that the principal 
streams have a straight course to the sea through the elevated 
coast plains and receive only insignificant tributaries south of 
the coast-belt watershed. The rivers that are of this nature are 
the Kei, Bashee, Umtata and St. John's. Their northernmost 
tributaries come from the slopes of the Drakensberg, and these 
mountains and the plateau at their foot make up the third or 
mountain-belt ; the second or intermediate belt is made up of 
the counti-y between the edge of the plateau and the coast-belt, 
and consists of extremely rugged country cut out into hills and 
ridges by the streams, and with mountain masses, composed of 
great laccolites of dolerite, occupying roughly a line near the 
inland limit. 

The journey which afforded the notes for the following 

description was taken mostly on the coastal plain w^itershed, in 

fact all roads are carried along watersheds of some kind, as the 

valleys are so steep-sided, that it is impossible to proceed in a 

[G. 48—1902.] D 
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straight line from one place to another. The towns of Butter- 
worth, Iduty^^'a, and Umtata owe their existence to their being 
on the main water-shed along which all traffic must pass. The 
even line of the watershed is broken beyond Umtata by the deep 
gorge of the St. John's River, but is continued on the N,E. side, 
where we find Flagstaff, Magusheni and Bizana, placed nearly 
on the line. We visited all these places, and to get round the 
St. John's River we at first took the lower route, through Port 
St. John's, and in returning, we took the upper, through the 
intermediate belt of country, past Mount Ayliff, Mount Frere 
and Qumbu. 

To understand the geology of this part, it is necessiuy to bear 
in mind the main structural lines of South Africa which arc 
clearly shown on Mr. E. J. Dunn's map. The main lines prac- 
tically form the end of a rectangle with the south-eastern cor- 
ner cut off by the sea-shore. Thus, taking the Table Moun- 
tain Sandstone as an indicator, on the west, the outcrop runs 
approximately south from Van Rhyn's Dorp to Tulbagh ; from 
Tulbagh it runs east and is cut off by the coast between Cape 
St. Francis and Cape Receife. At St. John's, Pondoland, the 
Table Mountain Sandstone comes in again from the sea, the 
outcrop running at first somewhat east of north, and afterwards 
in Natal approximately north. The country to be dealt with 
in this report is that included in the south-eastern corner of 
the rectangle. 

Along the shore, the main feature is that of a wide syncline 
with the axis dipping inland in a north-westerly direction. The 
axis falls somewhere in the neighbourhood of the Great 
Kei River mouth. Along the coast, on either side, one en- 
counters lower and lower beds ; on the south-west, starting 
with the Karroo Beds with Dicynodoiif one passes down througli 
the Ecca to the Dwyka, Witteberg, Bokkeveld, and Table 
Mountain Sandstone : on the north-east, the Witteberg and 
Bokkeveld are not seen and the Dwyka Conglomerate lies 
directly upon the Table Mountain Sandstone. On the south 
and west again, passing from the gently inclined Karroo Beds 
to the Witteberg and Bokkeveld one comes to the folded rim 
of the Karroo, and complicated crumplings mark the outcrop 
of the older rocks. On the north-east on the contrary, below 
the Dwyka, the Table Mountain Sandstone is lying flat and 
shows no sign of crumpling, although there is evidence of its 
having been elevated above the sea before Dwyka times, having 
sunk to a short way below sea-level in Dwyka times, and 
finally, having been raised to its present position above the 
sea. One of the most striking distinctions between the 
geological structure of the Native Territories and that of the 
western portion of the Colony is the want of folding in the 
rocks of the former. Owing to this there are no ranges of 
mountains bordering the coast as in the west, the sea-mists 
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travel uninterruptedly inland, and the effect on the climate and 
vegetation is most marked. In the west, the mountains wring 
from the sea-breezes all their moisture, and inland the country 
is parched and dry, forming in fact the Karroo. In the east 
the country is covered with grass and forest for a very long way 
inland and the effect of the wet sea-breezes is felt as far as 
Naauwpoort. 

In dealing with the rocks of the Native Territories, the greater 
proportion of which lie above the Dwyka Conglomerate, one 
finds the same difficulties that beset the course of enquiry in 
the west, namely, the gradual transition of one set of beds into 
another, and the absence of any hard and fast characters in the 
various stages by which they can be distinguished ; one has to 
rely upon the sum of the peculiarities of any stage, and it often 
happens that one notices differences in the field which are real 
enough, yet when one comes to describe them in detail, the 
distinctions seem inappreciable ; on the other hand, by taking 
only the salient features, as is done in the subjoined list, one 
makes a sharpness in the divisions which does not exist. 

We can, with the above reservations, divide the rocks above 
the D\\n/ka Conglomerate, into the following stages, placing 
them in descending order. 

{a) Kentani Beds : dark shales, weathering light blue 
and green, with a few sandstone bands. 

(/)) Idutywa Beds : blue and purple shales with white 
sandstones ; reptilian remains. 

(c) Umsikaba Beds : sandy muds and clays. 

The Umsikaba Beds correspond to the Ecca Beds of the 
west, which are also very badly defined on the upper limit ; 
above these should come Seeley's Parciasdunis zone and then 
the Dicyiiodon zone, both of which are characterised by slight 
lithological differences in the west. The distribution of fossil 
reptiles, however, through the Karroo Series has not been 
worked out in detail, and what little we do know is insufficient 
to allow us to correlate zones in different places by means of 
them. It is possible that the reptiles had a long vertical range 
and that the same reptile may be found at one horizon at one 
place, and at quite a different one at another. We cannot 
therefore say that because small reptiles like Dicyiiodon occur 
immediately above the Umsikaba beds, that there is a gap in 
the succession in the east ; it is evident, however, that the con- 
ditions of sedimentiition were different in the east and west of 
the Colony. 

The Kentani Beds occupy nearly the whole of Kentani, as ex- 
plained in the Report on that division, except for the narrow out- 
crop of Idutywa Beds on the sea coast and along the north-east. 
There is so much dolerite intruded in these rocks that one is apt 
to overlook the sedimentary formations, especially as most of 
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thcj sections occur on the vertical cliffs of the rivers, which afe 
very often inaccessible. Along the main road near Toleni, 
however, a good idea of the sedimentary rocks can be 
obtained ; they here consist of shales and thin sandstones 
with silicified wood in comparative abundance. A veiy 
common rock about here is a black flinty slate, one could 
almost call it a hornstone from its appearance and mode of 
fracture, but in hardness it is different ; it has on the outside 
about i inch of decomposed yellow material, inside the rock 
is blue-black with a silky sheen and conchoidal fracture. On 
the Kogha River, along the new road from Kentani to 
Willowvale, another good exposure of the sedimentary rocks is 
seen. Shales here seem to predominate and are dark coloured, 
blue-black as a rule, till weathered, when they become light 
blue. Towards the base there are some purple shales and 
massive beds of light blue sandstone with the peculiar spotting 
that occurs so commonly round Graaff-Reinet. In fact the 
whole of the beds here may be said to have a Gniaff-Reinet 
'* facies," by which expression there is meant to be implied a 
possibility of their being of the same age, the facts at our 
disposal, however, are too slender to enable one to say 
definitely whether they are so or not. Theonly fossils yet found 
in the Kentani Beds are silicified tree trunks ; the largest we 
found was on the road near Toleni on the west side ; it was 
standing upright in the shales and about 12 inches in 
diameter ; the top was scored with wheel marks. 

East of Idutywa one at once realises that one has to deal 
with a new group of rocks. Sandstone bands are very 
frequent and the shales are more brightly marked in blue and 
purple-red. The streamlets, instead of cutting a more or less 
continuous bed for themselves down the sides of the hills, here 
form a series of small waterfalls caused by the ledges of sand- 
stone above which there is usually a level portion with hollows 
and shallow pools. The vegetation is also different, being 
dryer, and with a small amount of bush with abundant aloes. 
The sandstone is white or light yellow as far as one sees it on 
the surface, and is fairly loose in grain. At Idutywa and 
Umtata there are quarries in this rock which is used a good 
deal for building-stone and seems to answer its purpose 
admirably. 

The limits of this zone of course have not been ascertained, 
but it seems to form a belt running in a north-easterly direc- 
tion. We found it between Idutywa and Umtata and along 
the Kokstad road near Tsolo, at Qumbu and along the Umzim- 
vubu River (St. John's). At Mount Frere one loses the dis- 
tinctive sandstone bands, and further east the country gradually 
assumes the character of that occupied by the Umsikaba Beds. 
Along the Kentani coast this zone apparently crops out under 
the upper beds, and there consists of light yellow sandstones 



Digitized by 



Google 



with calcareous nodules, red and blue shales, and blue-black 
hardened shales, as described more fully in the Kentani Report. 
On the west of the Embotyi Mouth to the east of St. John's, 
the same beds are brought down by folding and faults, and one 
finds here grey and purple sandy shales with reptilian bones of 
the Dicynodon type and also the blue-black hardened shales. 
The appearance of these rocks on the sea-coast is different from 
that of the rocks at Idutywa, but the w^eathering in the two cases 
is so different, the one being washed by the sea and the other 
disintegrating slowly from the effects of atmospheric agencies, 
that the two need not necessarily have been originally different. 
We assume them to be the same from their stratigraphical 
position. 

Some good sections in this stage are afforded by the road- 
cuttings on the east of the Tina Bridge, between Qumbu and 
Mount Frere. The sandstone is markedly false-bedded and at 
some places the sandstone beds end abruptly with square ends, 
andon the same line there are beds of mashed up shale and clay- 
pellet conglomerate. 

Externally, that is to the east of the last belt, there is a tract 
of countr\^ occupied by the Umsikaba Beds ; rocks that are 
equivalent in positionto the Ecca Beds of the west, but are not 
lithologically similarly owing to differences in sedimentation. 
Whether we look at them at the typical place Umsikaba (Flag- 
staff) or at Libode or at Bizana, we find them of the same nature, 
a thick mass of clays, sandy in parts and but little hardened ; 
on the surface they easily break down into ordinary tenacious 
clay, and when wet, "ball " under the feet of men and horses 
like the London Clay for instance. They are weakly bedded 
in banks of from three to six inches in thickness, and are 
normally dark-blue, but when exposed, decompose into a brick 
red mass, and form a deep chocolate-coloured soil. The lower 
beds are more shaly and more thinly bedded, often with rounded 
blotches of yellow iron oxide, like small wafers scattered over 
the surface of the beds ; these blotches are very similar to those 
found in the lower Bokkeveld shales round Montagu, and are 
seen along the road between St. John's and Lusikisiki, and also 
near the Embotyi mouth below Lusikisiki. When altered by 
intrusion of dolerite, the Umsikaba Beds often become 
hardened into a rock which is black and rather like hornstone 
with the fracture of flint, but is not very hard ; it is jointed 
along three planes so as to split up into small rectangular 
blocks which on exposure become rounded on their edges and 
weather concentrically, each block being made up of several 
shells, about half an inch in thickness, moulded round one 
another. When weathered these concentric shells readily break 
away and little pipes, three or four inches in diameter can be 
obtained having a square section with the corners rounded oif, 
f^nd look very much as if artificially formed of clay, and then 
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sun-baked. Some very good sections of the rock in this con- 
dition can be seen along the road between Umsikaba (Flag- 
staff) and Piiff-Adder, and also in the road-cutting just below 
the Tsala hills ; in each of these cases the rock underlies thick 
masses of dolerite. 

It is very difficult to assign an upper limit to this series of 
beds as they gradually merge into the Idutywa Beds, above, 
and the country is very much broken up with dolerite sheets 
and dykes which cover a great deal of the sedimentary rocks. 
Thus between Magusheni and Mount Frere, a distance of be- 
tween 30 and 40 miles, we pass from und(Hibted beds of the 
Flagstaff facies to ones very similar, but with one or two hard 
beds of siuidstone ; on the west of Mount Ayliff at Rode 
(Ghode) the sandstones are more frequent, and'at Mount PVere 
are very apparent, though even here it is at present impossible 
to say definitely that the beds belong to the Idutywa facies. 

Below the Umsikaba Beds comes the Dwyka Conglomerate 
lying unconformably on the Table Mountain Sandstone, but 
before describing these, it will be as well to discuss the igneous 
intrusions which are almost confined in the Territories to the 
outcrop of the overlymg beds. Those in the underlying beds 
are insignificant compared with these. 

The igneous intrusions form one series with the basic rocks 
that are found traversing the sedimentary rocks in the centre of 
the Karroo, these latter are connected in some way with the 
sinking of that centre to form the basin-structure which the 
rock systems now assume in the interior of the Colony, but the 
basic rocks in the Transkei are different in mode of intrusion 
to those in the west. From the very little that we know con- 
cerning the igneous rocks of the east of the Colony and Natal 
it is impossible to get any idea of the causes which led to 
their intrusion, but our present work enables us to establish, 
at any rate, the following distinction between the forces at 
work in the east and the west of the Colony. In the west 
the dolerite is intruded in thick sheets which are continuous 
for miles and miles, and are sometimes parallel to the bedding, 
sometimes cutting the bedding of the sedimentary rocks at a 
low angle ; in the south of the dolerite area the sheets dip 
north, in the north, south, conforming to the shape of the 
Karroo basin ; dykes connect the various sheets and occur 
plentifully throughout the region. The inference is that, here, 
as the centre of the basin sank, the once horizontal beds 
stretched on bending, leaving cracks which became filled in 
by dolerite from below, the latter no doubt exercismg con- 
siderable pressure in forcing its way along, but the intrusion 
was unaccompanied by any manifestation of upheavals or 
disruption. On crossing the Kei River one at once notices a 
very different order of things. Here the basic rock occurs in 
l^ccolitic masses 500-800 feet and even more in thickness in 
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the centre, and rapidly thinning out on the sides ; where 
sheets do occur extending over any large area one gets 
patches of great thickness, and surrounding them, areas where 
the thickness is reduced to a few feet or less. Good examples 
of this are mentioned in the Report on Kentani in reference 
to the Manubi sheet. These local thickenings indicate that 
the dolerite at the time of its intrusion exerted a very great 
force, one sufficient to lift the covering of rocks in the places 
where the thickenings of the dolerite occur, and wherever one 
goes in the Territories one has this evidence of the igneous 
rocks having forced their way into the sedimentary rocks by 
their own impetus, instead of, as in the west, their having 
quietly followed lines already opened for them. 

No difference in composition between dolerites in the east 
and those in the west have been observed, the occasional pre- 
sence of micropegmatite is common to both in the east and the 
west. But we find in the east the dolerite grading off into diorites 
and even granite, the rock still containing some of its peculiar 
minerals, but altering by reason of the increasing quan- 
tities of quartz and of potash felspar. One long vertical double 
dyke of rock of the dioritic stage of acidity is found traversing 
the country between the Kei and Toleni bridge on the main 
road from the Colony to Butterworth. These weathering 
easily, have produced a series of east and west valleys and 
thence the trough thus formed is named the Transkei Gap ; 
they are further explained in the Kentani Report. At Toleni 
Bridge itself, a dyke of this same diorite is seen cutting verti- 
cally across the dolerites and sedimentary rocks and running in 
an east and west direction. Still more acid varieties are found 
at Gonubi hill in Komgha and near Gqunqi in Kentani. From 
a petrographical examination of these rocks it seems probable 
that dolerite, diorite and granite came from the same magma ; 
that the more basic, and therefore more liquid variety, was 
extruded first ; then in order of acidity, the more acid varieties, 
which were more viscid and required a greater heat to keep 
them in a molten condition. With the small amount of field- 
w^ork done in the Eastern districts it is premature as yet to 
speculate on the bearing these facts have on the general ques- 
tion of the origin of the igneous intrusions in these parts. 

Along the banks of the Great Kei River, north of the bridge, 
there are some very fine examples of the laccolitic form of in- 
trusion of the dolerite, but what strikes one at once is that the 
sedimentary rocks do not seem- to have been arched up over 
the dome-shaped masses of igneous rocks ; the contacts are 
not well shown, but it certainly looks as if the strata had dis- 
appeared in the space occupied by the igneous rock, and the 
ends of the beds seem to abut against the rounded contours of 
the dolerite, a fact which we again and again noticed through- 
out the Territories, and which was beautifully shown in the 
sections of actual contacts along the Kentani coast. 
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On the south side of the Toleni River, near its junction with 
the Kei, there are two smaller rounded masses of dolerite one 
near the river level, the other somewhat higher, and in neither 
case do the sedimentary rocks show any disturbance. The 
Toleni shop is on top of the coastal plateau, and here the 
watershed has been eaten back by the Butterworth (Gcua) River 
the tributaries of which make a deep bay ; at Ibeka a few miles 
east of Butterworth the watershed comes back to its usual 
line. All this country is covered with dolerite in the form of a 
sheet of varying thickness, the sedimentary rocks appearing 
only in small patches ; a few hundred yards north of Ibeka 
shop there are more acid varieties of rock which appear 
to be connected with the dolerite of Ibeka itself. East of Ibeka, 
though we are on the actual watershed of the coastal streams, 
there is only a little dolerite, a thin sheet coming in about half- 
way between Ibeka and Idutywa ; this shows that the dolerite 
played no part in the formation of the watershed, but that the 
course of the rivers was determined independently of them. 
At Idutywa one enters the region of the Idutywa Beds, and for 
some way there is little dolerite ; two small sheets, one two feet 
the other one feet in thickness, are encountered on the Qunu 
River east of Idutywa, they are glassy and have baked the sedi- 
mentary rocks to a certain extent. Some small dykes are seen 
on the west side of the Bashee River, but on the east there is a 
great series of hills made of dolerite, about five miles long, 
extended in a north-north-easterly direction. Before reaching 
the top of the hill on the eastern side there are road quarries 
showing some good sections of the contact ; the main mass of 
the dolerite becomes suddenly thin leaving a nearly vertical 
dome-shaped face, against which the sedimentary beds abut 
without disturbance ; some lenticular dykes are intruded in 
them, evidently off-shoots of the sheet. The thin portion of 
the sheet passes underground in a northerly direction. Between 
here and Umtata there are some patches or lenticles of dolerite 
of great local thickness, but of very small superficial extent. A 
little east of Spring\'ale there is a long dyke dipping 45° to the 
eastwardvS, striking, north of the road 10^ W. of N., and south of 
the road, 30 E. of S. ; this dyke is many miles in length. Be- 
tween here and Umtata there are no dolerite outcrops, but a 
mile south of the town the Umtata River falls over a ledge of 
dolerite about 100 ft. thick, forming a fine waterfall ; the river has 
excavated a beautiful amphitheatre, and on the west side espe- 
cially, the dolerite has weathered m columns which stand up in 
picturesque positions. The sheet of igneous rock ends abruptly 
to the south east, but we were not able to make out whether 
this was due to jfaulting. East of the Umtata River we found 
a great deal of dolerite in sheets and dykes ; at Libode there is 
a variety' with a great deal of brown mica, and half way between 
Libode and Old Bunting a true granitic rock crops up in 
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rounded masses, occupying only a small space. On the north- 
east of Umtata, the Tsitsa falls are formed in the same way as 
the Umtata falls, but here the height is some 370 feet, and two- 
thirds of this is a sheer drop over a vertical wall of dolerite. 
The lower third is made of shales, probably hardened by the 
dolerite, at any rate, with no vertical jointing, so tha\ the water 
has cut a sloping surface across the beds ; on the Tina there 
are similar falls. 

On the east of St. John's River, we traversed a very wide 
area covered with dolerite sheets and dykes. Lusikisiki, 
Flagstaff (Umsikaba), Bizana, Emfundisweni, Mount Ayliff, 
Mount Frere, all lie practically surrounded by dolerite ; we 
were unable to map out their distribution, but over this area 
the laccolitic masses of dolerite are very prominent and form 
the most striking features. The southernmost mass constitutes 
the Tsala Hills, north of Palmerton, two great blocks of 
dolerite standing above the plain, with steep sides, at places 
vertical, but unlike similar hills around Steynsburg for instance, 
one does not see in the neighbourhood hills capped with 
similar masses of dolerite. As one passes north of the 
coastal plateau, into the intermediate belt of country, these 
laccolitic masses stand up on all sides forming isolated 
mountain masses which have distinctive names such as 
Mount Ayliff, Mount Currie, Mount Frere. Mount Ayliff 
is really only part of a great mass of dolerite, this particular 
block being divided into several portions divided by high neks, 
but north of Mount Ayliff the Insiswa forms a compact mass 
with square faces turned to the south and west and sloping 
gradually to the north. The dolerite here is 400 to 600 feet 
thick. It is quite possible that it also formed one great 
laccolite with the Mount Ayliff mass, the two having been 
separated by the Umzimhlava River, but on the east side it 
dies out quite suddenly, and the high ridges on this side are 
riddled with small dykes and sheets, possibly off-shoots of the 
main mass. 

The Dwyka Conglomerate was first met with on the road 
from Old Bunting to St. John's at the Umgazi River. On the 
south side one sees a steep cliff of the rock with the Umsikaba 
Beds lying conformably and horizontally above the conglome- 
rate. The rock is an indurated till, weathering easily, and from the 
matrix one can easily obtain a number of well-scratched boul- 
ders quite typical of boulder-clay ; slate, quartzite, granite and 
atered basic rocks, diabase and amygdaloids, are the most 
common rocks composing the boulders. F'urther on, the road 
climbs a ridge in which tlie road-cuttings afford excellent sec- 
tions of the boulder-clay. At the next river there is a cliff 150 
to 200 feet high, very nearly perpendicular, composed of black 
unweathered Dwyka Conglomerate. From here one climbs 
the final rise on the road to St. John's; the hill is made fo 
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Dwyka Conglomerate. On descending the cutting leading to 
the St. John's River, one sees some good sections of conglome- 
rate and in several places, the road is taken close to the Table 
Mountain Sandstone which shows a clean-cut vertical face, 
evidently a fault-face ; the fault runs about east and west. It 
is very difficult to understand the relationship between the 
Dwyka Conglomerate and Table Mountain Sandstone near St. 
John's, the maps are very meagre and it is impossible to plot 
the various features in detail, and without such plotting the 
elucidation of a complicated district like this is impossible. As 
will be described later, the Table Mountain Sandstone forms an 
inlier about 8 miles long, rising abruptly from the Dwyka Con- 
glomerate and Umsikaba Beds that surround it on all sides, the 
inlier is cleft through its highest part which is likewise the 
centre, by a narrow gorge, on either side of which rise the 
Gates of St. John's.* The gorge is remarkably straight and is 
directed south-east, and hence the fault runs towards the gorge 
and possibly turns round and coincides with the south-west 
cliff which defines the Gate on that side. On the north-east 
side there is an exactly similar cliff, and a little Dwyka Con- 
glomerate can be found running from the inland opening of 
the gorge towards the chasm, and opposite St. John's village 
there also is a ledge of Dwyka Conglomerate at sea-level under 
the cliffs, so that one possible explanation of the origin of the 
Gates is that a narrow strip of rock has been let down between 
vertical faults. The Gates now tower 1,200 ft. above the level 
of the river, and the top of the sandstone composing the narrow 
faulted strip must be some distance below sea-level, the water 
in the river being in places 50 ft. deep so that, allowing for 
weathering, the throw of the fault would approach 1,500 ft. 
The width between the wall of the cliff is 660 yards. It must 
be remembered, however, that the erosive force of the river is 
quite sufficient to explain the gorge without bringing in a rift 
fault, and that the evidence for the latter, though suggestive, is 
far from conclusive. 

On the sea-side of the Table Mountain Sandstone next the 
sea there is also a high cliff against which abut the Dwyka 
Conglomerate and the overlying Umsikaba Beds, and perhaps 
on the west, representatives of the Idutywa Beds. The boun- 
dary of the Table Mountain Sandstone runs through the village 
of St. John's, the greater part of the village, however, being 
built on hard black shales and brown quartzites dippmg steeply 
to the south-east. Some of the beds south of the village have 
obscure markmgs like the impressions of Phyllotlieai and Sigil- 
lariit, but hardly plain enough to afford any guide as to the age 
of the rocks ; at first we took them to be Witteberg Beds as 
they are somewhat like the rocks of that age near Port Alfred, 

* The two highest peaks on either side of the river are known as the Eastern 
fuid Western '' Gates," thouj^h the word gate should refer to the river-gorge. 
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but there is doubt now that they overlie the Dwyka Conglome- 
rate. The form of the hills near the coast composed of these 
rocks is somewhat singular as they run parallel with the sea- 
shore and are very high, varying from 300-400 feet, and are 
sharp-crested, with a valley running immediately behind them ; 
the gaps formed by the rivulets which have cut a passage to the 
sea and the abrupt sides of the hill-slopes make travelling diffi- 
cult about here and quite impossible with vehicles. From the 
camping place at St. John's to Cape Hermes there is a sea- 
washed section of these rocks mostly consisting of brown 
quartzitCvS, in one band of which we obtained som(i Pliylloiheca- 
like stems ; the extremity of the point is made of dolerite. On 
the inland side the rocks are much softer and are traversed by 
vertical dolerite dykes. On the coast to the south-west, on the 
west side of the mouth of the Bulola River, we found the same 
black shales with Sigillariif-likc impressions and a good deal- of 
black limestone in bands, showing admirable cone-in-cone 
structure ; with the limestone there were also associated lenti- 
cles of iron ore. 

On the north-east side of the St. John's River, there is a 
nanow belt of Dwyka Conglomerate, lying at the foot of the 
high Table Mountain Sandstone cliffs, which here trend to the 
north-east. The conglomerate is seen first on the landing 
place opposite the town, as a shelf extending a short way up 
the river and level with the sea at high water on the sea side, 
the conglomerate forms a small mound or hill forming a low- 
counterpart to the Signal Hill or \tount Thesiger on the oppo- 
site side. On the north-east side of this there is a small rivulet, 
on the east side of the mouth of which there is a small exposure 
of carbonaceous shale softer than that at the Bulola River, 
which has been dug out in the hope of reaching coal. The 
outcrop is very small here, as there is so much debris from the 
high cliffs of sandstone above, enormous .fallen blocks of 
which cumber the surface. P'urther along there is a small patch 
of black shale dipping south-east at a low angle, this is under- 
lain by a thick mass of dolerite which breaks across the bedding 
and comes to the surface a little way to the north-east. From 
here the rocks along the coast are obscured by a great quantity' 
of sand, largely composed of magnetite weathered out from the 
dolerite. After passing the sand, there are tabular masses of 
black shale dipping at a low angle to the south-east similar to 
the Bulola shales but here hardened by the intrusions of thin 
dolerite sheets, and thus enabled to stand out among the 
breakers ; they are covered with sea-weeds, corals, oysters and 
other sea-beasts, and the many cracks and crannies on the 
rough surface conceal the octopus, ascidians and other deli- 
cacies which the Pondos eagerlv seek for. The dolerite sheets 
vary from 10 inches to 100 ft. in thickness and give of? interest- 
ing lens-shaped pieces which are wedged in between the beds 
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of shale above or below and from some of which one can trace 
the connecting bridge of igneous rock between them and the 
parent sheet. 

Some twenty miles along the coast north-east of St. John's 
there is again a cliff of Table Mountain Sandstone, formed by 
a fault-face trending east and west. Between this fault-face 
and the Port St. John's mass of Table Mountain Sandstone 
there is a stretch of country, composed of Dwyka Conglome- 
rate, Umsikaba Beds and IdutA'wa Beds. The country once 
was a plateau raised some i,ooo ft. above sea level but owing 
to the easy weathering of the rock it is now cut into by the river 
channels and is a labyrinth of ridges and deep kloofs, covered 
in great part by forest and but little inhabited. The beds are 
so arranged that inland, along the road from St. John's to 
Lusikisiki, they are lying flat, and consist of Umsikaba Beds 
on the surface of the higher parts, but the Dwyka Conglome- 
rate is foimd in the deep kloofs ; towards the shore, however, 
the beds begin to dip in an easterly direction, and eventually 
the Idutv'wa Beds with fossils are brought down near the 
Embotyi Mouth. The bending of these beds has an important 
bearing on the nature of the fault-face, for had the younger 
beds been lying undisturbed at the foot of the cliff, it would 
have been quite legitimate to suppose that these had been laid 
down in the position they now occupy. 

Beginning at this fault-face there is a band of Table Moun- 
tain Sandstone running parallel with the coast and v^arying 
from 12 to 15 miles in width. The inland edge of this is 
covered by Dwyka Conglomerate lying unconformably upon 
it ; we saw no signs of glaciated pavements, but we found no 
good sections showing the junction of the two rocks. The 
band of Dwyka Conglomerate is narrow on the south-west ; 
below Lusikisiki it begins just south of the village, and is three 
miles wide, to the east, by Bizana for instance, the belt broadens 
out to ten miles. The rock is the ordinary indurated boulder- 
clay, such as we found in Prieska or Calvinia, and is penetrated 
to a small extent by dolerite dykes and sheets. 

The Table Mountain Sandstone of Pondoland occurs 
in the Gates of St. John's and also in the coastal strip which 
runs into Natal, where again Malmesbury Beds underlying it 
are exposed. In Pondoland the beds arc lying flat with a very 
slight dip inland, that is, north-west. Even local folds are very 
rare, and these are monoclinal. 

The St. John's mass is eight miles long and about live 
broad, extended parallel to the coast. It is divided into two 
by the deep gorge of the St. John's or Umzimvubu River. The 
western half is bounded on the north and south by fault-faces 
with a very considerable throw, between 1,200 and 1,500 ft. at 
least ; on the west the sandstone passes unconformably below 
the Dwyka Conglomerate. The eastern half is bounded on the 
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^outh by a fault running north-east and on the north passes 
unconformably under the conglomerate. The gorge separating 
the two halves^ may be a cleft already formed when the Dwyka 
Conglomerate was being laid down, or it may be due to a 
double fault letting down a strip of rock ; or again it may 
simply be an ordinary channel cut by the river. The mass of 
sandstone has all the appearance of a " Nunatak," that is, a 
hill left standing in the course of a glacier which curved round 
it. On this supposition the St. John's Gates would represent 
the Nunatak which on the retreat of the glacier was surrounded 
by the morainal material piled up against the vertical sides of 
the cliffs ; but though by these means we can explain some of 
the features of this neighbourhood, we cannot explain the high 
dips of the beds lying against the southern side. The fault-face 
to the north, again, might be held to represent the confining 
wall of the glacier were it not for the high dip of the beds. 

The main body of the Table Mountain Sandstone is met 
with on the coast some 20 miles north-east of Port St. John's 
and a little south-west of Port Grosvenor. It forms a cliff 
running east and west, about three hundred feet high, and at 
the foot is the beach ; over the edge of the cliff the rivnalets 
pour their waters straight into the sea, and hence the name of 
this point " Waterfall Bluff." P'rom here the fault-face runs 
inland to the west, the outline being slightly curved with the 
concave side outwards, that is, to the south. The length of the 
fault-face is about 15 miles, and the inland end of it passes 
under tht: Dwyka Conglomerate near the Umzimhlava River. 
The fault-escarpment is thickly wooded and is known as the 
Egossa Forest. It is indented by tremendous gorges, one, the 
Magwa, is formed by an insignificant stream rising south of 
Lusikisiki ; at the junction of the Dwyka Conglomerate and 
Table Mountain Sandstone there is a small patch of forest out 
of which the river comes to fall a sheer 500 ft. into the gorge, 
the cleft commences abruptly and is about thirty yards across, 
continuing with only a slight widening for about a mile when 
the edge of the fault escarpment is reached, and the river enters 
the hilly low-lying country composed of Dwyka Co;iglomerate. 
This wonderful cleft is held in dread by the Pondos, and was 
formerly a place of execution, the victims being thrown over 
the edge, or blinded and allowed to walk over. It was here, 
also, that the last troop of elephants in the Territories was 
destroyed ; they were being hunted by the Pondos and all 
went over the edge and were killed. There are several similar 
clefts, but the country is so thickly wooded about here that 
most of them are inaccessible. 

The strip of Table Mountain Sandstone beginning at the 
fault-face runs north-east and varies from 12 to 25 miles in 
width. It forms three terraces, the lower one on the coast 
being about 200 feet high and sloping upwards to the foot of 
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the first step or escarpment at about 500 feet above sea-level ; 
the escarpment is about 300 feet high and the terrace above it 
rises about 200 feet to the foot of the next step, which is not 
so high as the first, and the level of the plain at the junction 
of the Dwyka Conglomerate is from 1,200 to 1,500 ft. above 
sea-level ; the surfaces of the terraces form wide grass-covered 
plains running parallel with the coast. They are probably surf- 
cut, and were formed as the land rose, and are comparatively 
recent ; the Dwyka and Cretaceous Beds were already faulted 
down into their present position at the time of their formation 
and were also cut into in the same way, but owing to their less 
resistent nature, they were cut back more than the Table Moun- 
tain Sandstone, and the lower terrace in the younger beds 
extended further inland than in the older sandstones. The 
cutting back of the younger beds is well seen at Waterfall Bluff, 
the fault-face extending about two niies into the sea beyond 
the younger beds, so that if the land was to rise to any con- 
siderable extent again, the new surf-cut terrace on the Table 
Mountain Sandstone would be two miles nearer the sea than 
that on the Idutywa and Umsikaba Beds. The sandstone is 
apparently horizontal throughout this strip except for a few 
small monoclinal folds near the coast on the north east. One 
such is well seen in the gorge of the Umzamba River a little 
way inland, and another is seen at the mouth of the Umtent- 
wana River to the north-east of the former ; the axis of these 
folds is apparently parallel with the coast and they make no 
alteration in the level of the surface. 

The CRETACEors Rocks. 

On the Coast of Pondoland there are some rocks containing 
Cretaceous fossils, many of which have been determined or 
described by Baily(^) and Griesbach(*'^). 

In Griesbach's paper the rocks are called the " Izinhlu- 
zabalungu deposits," from the caves of that name, but the 
locality given in the description of the fossils is " Umtamvuna 
River," a name adopted by Mr. Dunn for the Cretaceous Beds 
in the 1885 edition of his map of South Africa. It is 
unfortunate that this name has been used, as the rocks do not 
appear on that river at all. The first name ** Izinhluzabalungu " 
(houses of the white men) used by Mr. Griesbach, is too 
awkward for general purposes. The rocks are frequently 
referred to in geological literature as the Cretaceous rocks of 
Natal, which is misleading, as although it has been known for 
some time that probably contemporaneous rocks do occur in 
that Colonv, thev have not yet been described, and in 



(») Baily and Garden, Q.J.G.S., XI., 1855, pp. 454-465. 
(«) Griesbach, Q.J.G.S,, XXVII., 1871, pp. 53~72. 
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Griesbach's paper on the geology of Natal, the rocks appear 
under the heading '* The Cretaceous rocks of South Africa." 
The only descriptions of their occurrence arc to be found in 
Captain Garden's and Mr. Griesbach's papers ; as a result of a 
more detailed examination of the country than that made by 
those authors, some additions to and corrections of their 
accounts are necessary. The rocks occur to the south-west of 
the mouth of the Umtamvuna River ; near that river the rocks 
above low watermark are rather coarse quartzitic sandstones 
belonging to the Table Mountain Sandstone which stretches 
north-eastwards from^ the Magwa River to Natal ; the 
Table Mountain Sandstone lies nearly flat at the 
Umtamvuna mouth, but at the mouth of the Umtentwana 
there is a small monocline with the sandstone dipping 
15^* towards the south-east. Along the shore nothmg 
but sand with occasional outcrops of Table Mountain Sand- 
stone was seen for a distance of from two to three miles from 
the Umtamvuna, but beyond that distance on the other side of 
the Umtentwana lagoon, the Cretaceous rocks are met with 
below the level of high tide ; they form a flat, rough platform, 
laid bare for a hundred yards or more durmg low water at 
spring tide. Behind them the beach is made of sand which 
gradually rises into the bush-covered dunes. About a mile 
from the Umzamba mouth the Cretaceous rocks appear behind 
the shore, and above the level of ordinary high tide, in the form 
of a hard bank rising about two feet above the sandy beach, 
and covered by a loose calcareous tufa deposited by the water 
which has trickled through the overlying sand-dunes. The 
small bank of Cretaceous rocks is hollowed out below, where 
the rock is softer than in the upper part ; towards the south- 
west the bank becomes gradually higher and higher, as far as 
the north-east end of the sand-spit at the mouth of the Um- 
zamba River, where there are cliffs about 30 feet in height cut 
in the Cretaceous rocks, the upper part of which, however, is 
covered over by sand and vegetation. The rocks are composed 
of alternating bands of sandy calcareous clay and thin shell- 
limestones, with little sandy material in them ; the shell-lime- 
stones are much harder than the thicker intervening beds, 
and stand out as prominent shelves, while the softer rock is 
more easily removed by the action of the waves and weather ; 
the result is that the whole range of cliffs about a mile in length, 
presents a front carved out into shallow caves with horizontal 
floors and roofs, and of varying heights according to the thick- 
ness of the soft sandy limestone. The beds lie nearly horizon- 
tally, so that one thin bed may form the surface of the beach 
for many hundreds of yards. As one walks eastwards along 
the beach from the Umzamba end of the outcrops, one meets 
with slightly higher beds on the shore. On the south-west side 
of the Umzamba River the Cretaceous rocks again occur, and 
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\ve followed them at low water for nearly ten miles alongfthe 
shore towards the Umtentu River. They do not appear above 
the shore, although it is likely that if the sand were removed 
from some parts of the shore a bank formed of the Cretaceous 
rocks would be seen. Although we were unable to reach 
the Umtentu, and to determine the south-west limit of the 
Cretaceous outcrops, it is improbable that they extend so far as 
that river, for the form of the coast changes, and from a dis- 
tance it appears to be made of Table Mountain Sandstone. At 
the Umsikaba Mouth some miles south-west of the Umtentu, 
the coast is made of Table Mountain Sandstone. 

From the accounts given in Garden's and Griesbach's papers 
it is evident that the exposure of the rock between the Umzamba 
and Umtamvuna Rivers varies considerably from time to time. 
Garden notes that the rock behind the beach forms caves for 
800 yards, but at the time of our visit the line of caves (those 
at the north-east end do not really deserve that name) certainly 
extended through the distance of a mile ; Garden also saw the 
Cretaceous rocks exposed at the extreme end of the left bank of 
the Umzamba, but now there is nothing but sand there. In 
neither of the two papers are the outcrops mentioned which we 
found below high tide level to the north-east of the larger caves ; 
these outcrops belong to the bed marked " b " in Griesbach's 
section. The actual junction of the Cretaceous rocks with the 
Table Mountain Sandstone was nowhere seen by us in this part 
of Pondoland, although we saw the faulted junction of some 
conglomerates and sandstones with the Table Mountain Sand- 
stones, and as will be seen later there are reasons for thinking 
that these belong to the Cretaceous Series. Near the Umzamba 
River outcrops of Table Mountain Sandstone are met with at a 
distance of about 400 yards inland from the coast, and the dis- 
tance decreases towards the north-east, so that two miles away 
the sandstone crops out on the beach. South-west of the 
Umzamba the breadth of the area occupied by the Cretaceous 
rocks does not increase, but appears to be nowhere more than 
about a quarter of a mile. On the right bank of the Umzamba 
the Cretaceous rocks can be seen for some 300 yards up the 
river from the mouth, but they retain their character as shelly 
limestones and calcareous sands throughout, and do not show 
any sign of an ordinary unconformable junction with the Table 
Mountain Sandstone ; it is very probable that the junction is a 
faulted one, and this suggestion is supported by the very straight 
boundary between the two rock systems, and the occurrence of 
the strati graphically higher one at a lower level than the strati- 
graphically inferior system. 

The lowest beds (corresponding to the bed '* b " in Gries- 
bach's section) visible during our visit were seen at low tide and 
consisted of coarse shelly and sandy rocks with pebbles of dark 
slates and coarse grits or sandstones ; there are numerous logs 
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of fossilized wood, often silicified and bored by Teredo^ and the 
worn bones of reptiles, amongst which some had the distinc- 
tive characters of Chelonian bones ; sharks' teeth were also 
found in this bed ; among the Invertebrates were Ammonites 
Sonfo/u'f Siangerif Umbolazi and Ganlcni, a species of Baculites ; 
gasteropods were represented by FascioUiriay AveUana and 
Chemnitzia ; lamellibranchs by three species of PecfcNy Inocera- 
mtiSf ProfocnnUum liillannmy Trigotiia elcganSf Pectuncitltis 
africantiSj Area luitaleiisis and Caniium deiifieiilaium. Many 
of these shells occurred in a very fragmentary condition, and 
recognisable specimens were only obtained by searching 
through a considerable amount of rock. The Inoeenimiis, in 
particular, furnished a large quantity of calcareous fragments 
to the sand. The above invertebrate fossils are mentioned 
because they also occur at higher horizons in the Izinhluzaba- 
limgu cliffs, and were considered by Mr. Griesbach as characte- 
ristic of the higher beds only. There were many other interest- 
ing forms, such as Xanfilns, BaeidifeSy Trigoiiia Sliepsto!iei\ a 
large gasteropod belonging to the Stroinbidaey and a polyzoon 
in this bed. F^rom the condition in which the bones and 
inany specimens of the shells occur it is certain that they 
were rolled about in a shallow sea, or even on the beach 
itself, before being buried ; the stronger forms, such as Area 
and Pceiiiueidiis are frequently found with their edges rounded 
and all the projecting ridges worn off them, while delicate 
fossils are rare ; some indeed, such as Hemiaster and 
Cassidiihis which are quite abundant in the immediately 
overlying fine-grained deposits, are entirely absent. South- 
west of the Umzamba a precisely similar bed occurs below 
high water-mark for some eight miles along the coast, but 
there were stretches of sand which hid the rock, at frequent 
intervals. From this part of the outcrop we obtained 
Chelonian bones (including two specimens of the conjoined 
Y-shaped scapula and precoracoid) a lower jaw resembling 
those belonging to the reptilian genus MosasauniSf sharks' 
teeth, XaiitdifSj Ammonites Soittoni and Stangerif and several of 
the gasteropods and lamellibranchs mentioned from the 
similar bed to the north-east. It is probable that these 
outcrops of similar rocks belong to one and the same bed 
lying horizontally near the base of the Cretaceous deposits iii 
this neighbourhood. 
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Thj overlying b.ids are bast seen at the caves nearest the 
Unizamba mouth. The section is as follows : — 

Ft. In. 

13. Shelly Innestone with r/7/f()/nV/, &c o 10 

12. Tough sandy clay, blu^, weathering brown i 4 

II. Shelly limestone o 6 

10. Tough sandy clay i o 

9. Shelly limestone o 4 

8. Tough sandy clay with large luoccrauius 3 6 

7. Shelly limestone o 10 

6. Tough sandy clay 3 o 

5. Black impure limestone with large numbers of 

shells throughout, especially at the base o 6 

^ . Black i)!iale with large A nnnonites i o 

3. Oyster beds o 2 

2. Thin bed of fine conglomerate with pebbles of 

b'a:k shale o 3 

I. Coarse conglomerate with shark's teeth, reptilian 

bones and large shells mostly broken o o 

13 3 

Above Xo. 13 there are other beds partly or entirely concealed 
by the soil and siind, which were not examined in situ ; but 
from some fallen blocks they were found to be sandy lime- 
stones very much weathered, and the fossils in them were too 
fragile to be carried away ; those fossils we could recognise 
belonged to species which occurred in the lower beds. 

The shelly limestones mentioned in the section are largely 
made of fragments of lamellibranch shells, such as Trigouia^ 
Ana and PcctnncnhiSf and are of the sitme nature as the coarse 
broken shell deposits seen below high water mark at many 
places on the modern South African beach, but the Cretaceous 
shell beds have been consolidated by the cementing together 
of the fragments by carbonate of lime. The shelly beds do not 
extend from one end of the line of cliffs to the other, any one 
that is followed gradually thins out and is perhaps replaced by 
another at a slightly higher or lower level. 

The intervening sandy calcareous clay is always weathered 
to a brown or yellowish brown colour on the surface, and is 
there soft, so that it can be dug out with a knife. If, however, 
the rock is obtained in a fresh condition it is blue in colour, 
and fairly hard, often indeed very hard, and the fossils will not 
then break out from the matrix. There are several foraminifera 
in this rock, belonging to the genera Vuginnlifin^ XoiiosariHf 
rrigetinfif Discorbiiuiy Truncofuliua, 'A'.W///^/r/V/ ; conspicuous 
amongst the Invertebrate remains are Hcwiaster Forbesi (an 
Indian form) and a species of Cassidulits both of which are very 
fragile, and were not found in the interbedded coarse rock. 
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Large examples of Inocerannts cxpamus are frequently seen in 
section looking like thin veins of calcite traversing the rock ; 
an average sized specimen is three feet long ; this fossil is very 
difficult to obtain in a perfect condition, and we were unsuc- 
cessful in the attempt. The other fossils obtained in these fine- 
grained beds are species of the following genera : — PiignclluSf 
Fasciolaridy Scalaridy Solarium ^ Chetniiitzia, Solariellny Avcllaua, 
Xatiaif Latently TitrntclUiy Xenfa, Aciaeonellay ] oltita, FusiiSy 
Ostreay Exogyniy Cardintiiy Pwiocardiuuiy Pcctciiy Trigoiiia (T. 
clegntts and T.Shepsfoiiei)y LyprivienUy CrassatelUiy Cythcreay Araiy 
PharelUiy PedttnculuSy Lithodomiis ; several cephalopods were 
found and amongst them Atttfiioiiites Vmbolaziy and several 
other species, HnctiHfeSy Atiisoccms, SaiphiteSy and Hc1koccra$. 
Reptilian and shark remains were also found. From a com- 
parison of the contents of the different beds it seems certian 
that the greater number of species existed throughout the whole 
time occupied by the deposition of the rocks seen in the 
Umzamba section, but that in the coarser deposits, which were 
formed in shallower or more disturbed water than the finer, 
only the stronger shells were preserved ; in the case of hioccni' 
tttuSy which breaks up into characteristic little columns of 
calcite, the genus can be recognised in all the coarse beds, 
although one may look in vain for a whole specimen or even 
for a moderate sized piece. The very strong lamellibranchs 
such iis PecttniculiiSy Cmssntella, and Area were observed in all 
the beds, but in the coarse grained deposits they are usually 
much abraded. We are therefore led to a different conclu- 
sion from that drawn by Mr. Griesbach, who considered there 
were five fairly distinct faunas represented in the caves-section. 
As the whole thickness of rock well exposed is perhaps not 
more than 20 feet, it is not surprising that so many forms are 
distributed through it ; there are several species represented in 
our collection by only one or two examples, and these of 
course came from one bed only, among them are the delicate 
shelled cephalopods, Scapliitcs and HelicocvraSy which were 
found in the upper thick sandy limestone, No. 8 in the table 
of the caves-section, but with our present knowledge it would 
be rash to conclude that even these species are confined to that 
one bed. 

The repeated alternation of two varieties of sediment, one of 
which is a coarse shelly rock, perhaps a beach deposit, and the 
other such as might be formed in water deep enough to prevent 
the action of the waves being felt on the bottom, but still suffi- 
ciently near the land to receive a large amount of sand and 
mud, seems to point to their having been formed in a sea where 
the currents were liable to very considerable changes, so that 
iui area of quiet depositioi^ suddenly became one where none 
but heavy fragments coula lall to the bottom and remain there. 
It seems out of the question to suppose that the differences in 
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nature of the deposit were caused by alternate risings and sink- 
ings of the sea-floor, or that such a sHght decrease in depth of 
water brought about by the deposition of three feet or so of 
sandy mud could bring the sea-flioor within the action of waves 
which did not make thems^^lves felt before. 

In part of the lowest beds exposed on the beach near the 
north-east end of the outcrops, the rock has been hardened by 
the deposition of chalcedonic silica, and this material has re- 
placed the carbonate of lime of several of the fossils very 
beautifully, so that the fossils stand out on the weathered sur- 
faces of the rock ; amongst those preserved as siliceous pseu- 
domorphs we collected HactilifcSf Tereiloy Carditim deutictilalum, 
Ttiirifi'Ild Bonciy and Solarium pukhcUinii^ while fragments of 
many others were seen. 

On the coast of Pondoland, about seventeen miles north- 
east of the mouth of St. John's River, there is a series of 
conglomerates and coarse green sandstones stretching fromnesir 
the Embotyi River to the south-west end of the Waterfall Bluflf. 
They are of very great interest because they contain pebbles 
and boulders of the dolerite which is intrusive in the Karroo 
Beds. Until these beds were found there was no evidence to 
fix the latest limit to the period of the dolerite intrusions. 

The Embotyi Series is only exposed on the shore, and for a 
short distance inland. At the south-western end of the outcrops 
the junction with the neighbouring rock wius not seen, but the 
nearest outcrops are of beds belonging to the Ecca or Karroo 
Series, in which obscure plant remains and some fragments of 
bone were found. These Ecca or Karroo beds dip at varying 
angles to the south-east, or east-south-east ; their angle of dip 
is sometimes as high as 35° ; they contain dykes of dolerite, 
and near the St. John's River sheets of dolerite were met with 
in the same beds. It is probable that the Embotyi rocks lie 
unconformably upon these beds, for the latter have furnished 
pebbles to the former, and a fault separates both series in this 
locality from the Table Mountain Sandstone. 

The beds of the Embotyi Series lie nearly horizontally near 
the south-west end of the outcrops, and it is probable that they 
rest unconformably upon the underlying Ecca or Karroo Beds. 
Further to the north-east the beds have have a dip towards the 
north-east of about 20^, the dip turns northwards near a con- 
spicuous green conical hill and varies from o^ to 15^* and near 
Waterfall Bluff the coarse conglomerates dip 10" south. 

The finer grained rocks of the Embotyi Series are met with 
about the middle of the line of outcrops, near the Umgwegwane 
River, and they are well-bedded, but towards each end the rocks 
are much coarser and are usually true conglomerates, and often 
show little sign of bedding. At the south-west end near the 
Embotyi the sandy soil and vegetation extend to the beach 
and the greater part of the conglomerate is hidden, but at 



Digitized by 



Google 



45 

the north-west end, for about half a mile round the shore from 
Waterfall Bluff, the conglomerate is magnificently exposed 
in some of the highest cliffs we saw on the Pondoland coast. 
The conglomerates here rest against a vertical wall of Table 
Mountain Sandstone, evidently a faulted junction, for 
slickensides can readily be found on the surface of the sand- 
stone, and the line of fault here is continuous with the southern 
boundary of the Table Mountain Sandstone on which the 
Egossa Forest stands. Further west the fault separates the Ecca 
Beds (possibly a part of the Dwyka comes in too) from the 
Sandstone, and to the east the fault encarpment runs out to 
sea as a cliff rising 300 feet from the water, and over it there 
fall the small streams from the country immediately behind 
the cliff, from which the name ** Waterfall Bluff " is derived. 
The conglomerate in the neighbourhood of the fault-face 
contains veiy large boulders of dolerite, some of them 12 feet 
in diameter, smaller boulders and a coarse sandy matrix fill up 
the interspaces between the large boulders. There are 
numerous fragments of dark mudstones and sandstones such 
as might well have been derived from the Karroo and Ecca 
Beds into which the dolerite was intruded. The form of the 
largest boulders is irregular, md the edges are only rounded 
off to a moderate extent ; but the smaller fragments are much 
more rounded, and those small enough to be called pebbles do 
not show any traces of their former angular shape. The 
absence of any pebbles or boulders of the light coloured rock 
belonging to the Table Mountain Sandstone is very noticeable 
in the coarse conglomerate under Waterfall Bluff, where the 
two rocks are in contact. It is very probable that the Table 
Mountain Sandstone was not exposed in this district to nearly 
the same extent as it is now and perhaps not at all, during the 
formation of the conglomerate. Patches of brown translucent 
calcite were frequently noticed occupying small cavities, one 
to two inches across, in the coarser parts of the conglomerate, 
as if the rock had been rather loosely piled up, and the sandy 
matrix had been insufficient to fill up all the interstices 
between the rock fragments. A few hundred yards south-west 
of the Waterfall Bluff there is a conical grass-covered hill 
jutting out into the sea, and on the south side of it there are 
sections of the conglomerate, which is here less coarse than 
nearer the Bluff. The matrix is a green sandy rock, and 
contains fragments of all sizes, up to great blocks 15 
feet long by four wide ; these large-sized pieces are, 
however, few in number, and the proportion of boulders 
and pebbles to the amount of matrix is much less than in the 
conglomerate nearer Waterfall Bluff. 

It is evident from the great size of the boulders in the coarsL; 
conglomerate at the north-east end and the increasing coarst^- 
ness of the rock as we pass from the middle of the line of out- 
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crops towards each end, that the source of the boulders lay 
north or north-west of the present position of the outcrops, 
and that it could not have been far distant ; whether the rocks 
were deposited in sea or fresh water, the shoreline was near at 
hand. 

The only signs of organic remains found in thesi; rocks were 
in the finer grained parts of the outcrops below the level of 
high water near the middle of the outcrops ; they were frag- 
ments of carbonized wood, and were of no use in determining 
the age of the rocks. Our visit to the locality was of necessity 
a short one, and a furtlier search is likely to be rewarded by 
some evidence which will throw a certain light upon the rela- 
tionship of these sandstones and conglomerates to other rocks 
in the country. From the similarity of the position of the 
Embotyi Series to that of the Cretaceous Beds to the north- 
east, it is probable that the two are closely connected, and if a 
statement in Garden and Baily's paper (loc. cit. p. 454) is con- 
firmed, that the Cretaceous rock occur at th;) mouth of the 
Umtata River, it will support the conclusion arrived at, that 
the Embotyi rocks belong to the Cretaceous Series. 

In general lithological character, these conglomerate and 
sandstones of the Embotyi Series remind one irresistibly of the 
Enon Conglomerate and Zwart Kop's Sandstones of the Uiten- 
hage Series ; the chief difference between them (in addition to 
the one as a rule being green and the other red) is the presence 
in the former series of so many boulders and pebbles of the 
Karroo dolerite, while this rock has not been found in the 
Enon. Supposing, however, that the dolerite had been intruded 
before the deposition of the Enon, the distance of the known 
outcrops of that rock from the nearest dolerite sheets of the 
Karroo would sufficiently explain the absence of fragments of 
dolerite from the Enon Conglomerate. 

The conditions of deposition of the two conglomerates were 
probably similar, and it is very likely that the relationship of 
the Embotyi conglomerate to the marine Cretaceous Beds is 
similar to that of the Enon Conglomerate^ to the marine beds 
of the Uitenhage Series. 

(') See AnniKil Kep.')rt, Geoloj^ical Commission for i()00, p. 4. 
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THE DIVISION OF KENTANI. 



BY 

A. W. Rogers and E. H. L. Schwarz. 



The Division of Kentaiii is part of Gcalekaland and crmpri- 
ses an area of some 450 square miles situated between the Gcua 
and Kei Rivers on the south-west, the Kogha River on the north- 
east, the main road from Butterworth to lduty\va on the north- 
west, and the sea coast on the south-east. 

The country may he broadly described as a series of plateaux 
rising by three stages from the sea-level. The coastal district 
slopes up gradually to a height of about 1,000 feet, above which 
there is a terrace extending to the foot of an escarpment, 
above which again there is a plateau which forms the greater 
part of the division ; the village of Kentani, the residence of 
the Magistrate, lies on the top of the escarpment. The 
height of the main plateau is about 2,500 feet above sea-level. 

The Kentani Hill, or Quintana Tree Hill as it is called on 
the divisional map, is the only marked eminence in the 
district; it is a small hill that rises about roo feet above the 
main plateau. 

The surface of the Kentani plateau is somewhat undulating, 
the only large tract of practically flat ground lies between 
Gobogobo and N'Hlambe. The plateau ch.aracter of the 
country is particularly evident when the river valleys are taken 
into consideration. The larger rivers, especially the Gcua and 
Kogha, which rise beyond the limits of the division, lie in 
deep steep-sided valleys, a feature which is even more 
strikingly seen in the case of the Kei River. The tributaries 
of these large rivers are quite insignificant in length, none 
being more than seven miles from source to mouth, but their 
valleys deepen very rapidly, and may have a fall of some 
2,000 ft. from the plateau surface to their point of confluence 
with the larger rivers. The Tutugha stream is an example. It 
flows from the flat country south-west of Gobogobo in a rapidly 
deepening valley, unbroken by any waterfall, into the Gcua ; 
the sides of the valley are very steep, in somci places preci- 
pitous ; the length of the stream is under seven miles in a 
straight line from source to mouth, and the windings of the bed 
are inconsiderable ; the depth of the valley about midway 
bet^Yeen source and mouth is some 900 ft, 
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The tortuous course pursued by the Gcua and Kogha and 
also in a less marked degree by the Kei, make the topography 
of the country bordering them very complicated, and add very 
greatly to the difficulties of traversing the country from point 
to point. The general direction of the Kogha and Kei is a 
south-easterly one, the Gcua runs south in the Kentani Divi- 
sion, and the minor streams which flow into the sea have a 
general south-easterly direction. 

Of the streams which lie entirely within the Kentani division 
the Kobonqaba is the largest. It rises in the Tekoe Location 
on the Kentani plateau and fiows in a rapidly deepening valley 
to the sea, some 23 miles distant in a direct line ; throughout 
its course the stream resembles the larger rivers in having a 
very tortuous course with tongues of high ground occupying 
the larger loops. The river in the last three miles of its course 
is tidal, and is there considerably wider than in the immediately 
preceding portion ; it enters the se;i between rocky points. 

The streams yet to be mentioned which enter the sea 
separately, all rise below the Kentani escarpment, or below the 
corresponding feature on the north-east side of the Kobonqaba, 
Between the Kei and Kobonqaba are the Gxagha and Kologha, 
each with a sinuous course, steep valley and considerable tidal 
lagoon, separated from the ocean by sand-bars which in dry 
seasons stretch completely across the mouths. North-east of 
the Kobonqaba are the Wheeli, Nxagha, Umfane, Istamfoona, 
IJmtilwana, Manubi and Kleena Rivers, all of which rise in 
the plateau above the face of the Manubi escarpment. The 
Manubi escarpment is a feature that has no exact counterpart 
in the western part of Kentani ; it is an abrupt break between 
the coastal slope and the plateau below the Kentani escarp- 
ment. The Wheeli and Nxagha have a common lagoon, 
which, like the lagoons of the other rivers named, is held in 
by a sand-bar that occasionally shuts it off entirely from the 
ocean. These rivers, like those already described, have 
winding courses and very steep-sided valleys, a conjunction of 
characters which are rather incongruous ; it is due to their 
original course on the plateau surface being perpetuated after 
the general rising of the land ; the consideration of this point 
will be taken after the geological description of the country 
has been given. 

Several smaller streams of from one to five miles in length 
are found along the coast ; they all end in lagoons which are 
closed by sand bars, only broken through in times of very 
heaw rain. The level of the water in the lagoons is often 
considerably above that of the sea at low tide which indicates 
an unexpected compactness of the sand-bar. 

A remarkable series of east and west tributary valleys 
between the Gcua and Kogha Rivers requires description at 
this stage. Taken together they form a well-marked 
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depression, in some parts two depressions running parallel and 
about a mile apart, owing to the col separating any tw^o 
valleys lying considerably lower than the surrounding plateau. 
The features thus produced have long been known under the 
name of the Transkei Gap, which is marked on the small 
scale maps of the Transkei, issued by the Surveyor-General. 
They owe their origin to the presence of long dykes 
of a sort of diorite, to be described later, along which 
denudation has been able to work more rapidly than 
elsewhere in the immediate neighbourhood, and has 
caused the river-valleys to follow the course of the dykes 
veiy closely. The valleys of the Gap extend westwards fa;r 
beyond the limits of the Kentani Division, where they are first 
met with in the N'Debe River, and in part of the Tutugha, two 
tributaries of the Gcua, of which the N'Debe lies about a mile 
south of the Tutugha. The portion of the Gap in which the 
southern branch of the N'Debe runs is continued in the N'Gobe, 
a tributary of the Kobonqaba some five miles in length ; east- 
wards, the line is continued by a number of small valleys whose 
waters flow either into the Kobonqaba or Nxagha, as far as the 
divide near Lusizi, to the east of which the Kabakazi, a valley 
six miles in length, lies along the same dyke as far as its con- 
fluence with the Kogha ; from this point the direction of the 
last six miles of the Kogha is determined by the course of the 
dyke. A similar dyke occurs in the valley of the northern 
affluent of the N'Debe and can be followed across the low nek 
just north of the Gobogobo trading station, then along two 
branches of an affluent of the N'Gobe, and across a low divide 
separating the eastern of these from another shorter tributary 
of the Kobonqaba ; eastwards of the Koboqaba the gap is con- 
tinued in the valley of its tributary, the N'Kukuwana, but be- 
yond this the feature is not well seen for some miles, although 
the dyke is met with on the side of Cat's Pass ; a number of 
small \'alleys, mostly affluents of the Kabakazi, continue the 
gap as far as the Kogha, which it crosses about half a mile 
north of the Kabakazi mouth. The length of the Transkei Gap 
in the Kentani Division, from the Gcua to the mouth of the 
Kogha, is about thirty-tw^o miles. 

The country is throughout covered with grass, except along 
some of the river valleys and part of the coast,where the 
forest is still found. The only considerable tract of forest is 
that of Manubi, covering the slopes of an escarpment. The 
presence of trees seems to be a favourable condition for the 
formation of the very steep-headed and steep-sided valleys fre- 
quently met with in the Transkei. The head of one of these 
valleys is as steep as the sides some way below ; there is very 
little running water in most of these valleys, and except after 
rain the upper part of the stream bed is often dry. Where 
these valleys have been let alone bv the natives, who like burn- 
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ing and cutting down the forest in order to. raise hesLvy crops 
from the virgin soil, they are clothed with forest, which pro- 
tects the underlying rock from denudation ; the stream wears 
away its bed almost as quickly as if no forest grew on the valley 
slopes, but the sides and head of the valley are protected by the 
vegetation, owing to its breaking the force of the rain by cover- 
ing the soil with dead sticks and leaves, in the grass country 
the ground is covered with innumerable small round pellets, 
the castings of worms ; these pellets are fairly consistent, and 
are washed away like sand-grains during the first fall of rain. 
They break up before long, but they certainly facilitate the 
removal of the soil, which is rarely found to be a foot in thick- 
ness on the grass-covered land. 

The rocks of the Kentani Division belong to the Karroo 
Series and include much dolerite in the form of sheets. As 
will bie seen later, the sedimentary rocks are probably of about 
the same age as those of the Nieuweveld ; indeed the geological 
structure of the two regions is very similar. In spite of this 
similarity the appearance of the Kentani country is veiT different 
from that of the Nieuweveld ; the vegetation is of quite another 
kind ; instead of the small thick-leaved bushes, with nothing 
growing between during dry seasons, we have in Kentani a 
covering of grass, and a luxuriant growth of trees and large 
bushes is found where the axe and fire have not destroyed 
them. The sharply scarped table-shaped hills and spitz-kops 
of the Nieuweveld are not found in this district ; the outlines 
are everywhere more rounded, and the geological structure is 
not so evident as in the Nieuweveld. This difference is largely 
due to the moister climate of Kentani, but it also depends upon 
the difference between the recent geological histories of the 
two districts ; for as will be shewn later the Kentani country 
must have been much nearer the sea level within recent times 
than it now is. 

The plentiful vegetation of the Transkei is frequently an 
obstacle to the investigation of the geological features, as the 
rocks are much weathered superficially and are completely 
hidden over large areas ; this is particularly the case with the 
sedimentary rocks. 

The Sedimentary Rocks. 

The Sedimentary rocks of Kentani Division belong, with 
exception of the recent surface-deposits, to the Karroo Series. 
They fall into two groups which are, however, very difficult to 
distinguish, the higher group forming the bulk of the 
sedimentary rocks of the Division and which we may therefore 
call the Kentani Beds, and a lower group, found only on low 
levels near the sea-coast and on the north-L^ast, which we have 
called the Idutywa Beds, because of their occiirreiice i{i th^t 
town, 
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.The Kentahi Beds consist of shales and mudstones with 
only occasional sandstone beds. The colour is black in fresh 
sections, the shales weathering light green or grey-blue, and 
the sandstones to light blue and finally to yellow. The large 
amount of dolerite that has been intruded into these beds has 
altered them in places over a large area so that they are now 
mottled and spotted, while elsewhere, nodules of green 
material, consisting largely of epidote, have been formed in 
the substance of the rock. There are vciry few sections avail- 
able for studying these beds as the sides of the steep river 
valleys are either covered with rubble and soil, and grass- 
grown, or are inaccessible precipices. West of Tutugha 
Mission Station there is a bend of the Gcua River, on the 
Butterworth side of which there is a long, straight, almost 
vertical section, with a sheet of dolerite on top, looking like a 
palisade on account of its rough columnar structure ; this is 
locally known as the Bower, and on the Kentani side there is a 
path leading down to the river showing a long exposure of 
sjdimentary rocks. These consist entirely of shales \veathered 
a light blue and breaking up into flat bits and not into starch- 
like fragments as in the dryer Karroo. Under the dolerite 
sheet on the opposite side the sedimentary rocks are blue-black 
in colour, well-bedded but with no signs of division into 
sandstones and shales. East of the Tutugha along the main 
road there is a small exposure of sandstone weathered into 
yellowish slabs and at other places in the neighbourhood on 
this level the same sandstone crops out. Fossil wood was found 
near Butterworth along the main road, especially near Toleni, 
and though it occurs in beds of the same age, it was not found 
by us in the Kentani Division. Above the N'Hlambe sheet at 
Gcua location there is a thickness of black hornstone-like rock 
which weathers brownish white, a shale altered by the under- 
lying dolerite. This hornstone was seen also on Zitsane beacon 
but not elsewhere in the district, although it is probably lb be 
found in many other places. The west and north of the Divi- 
sion contains these Kentani Beds, but in the north-east we find 
a greater variety of rocks which leads us to suspect the presence 
of a different set of beds, and to the south along the coast 
undoubted Idutywa Beds are met with. This is due to a 
general north-westerly dip of the rocks, the dip being very 
slight and rarely noticeable in small outcrops ; so that along 
the south-ejist, east and north-east, the Idutywa Beds under- 
lying the Kentani Beds come to the surface. 

On the north-east along the road from Cat's Pass to Willow- 
vale we got the following section. On top of the road there 
are the ordinary light-blue weathered shales ; as we descend W3 
come on thin-bedded yellow sandstones and shales, and towards 
the bottom, purple shales, massive blue sandstones, and mottled 
and spotted rocks. Where the mottling occurs, the rock, 
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iisuaUy sandstone, is very much indurated, and there has pro- 
l>ably been some alteration by heat from the dolerite intrusions. 
The same kind of alteration is often seen round Graaff-Reinet. 
. The Kogha River here makes several loops, at places cutting 
into the hill-sides and forming high precipices, at others en- 
closing low circular stretches of gi'ound, which the cutting of 
a small nek, separating the loops, would convert into an island. 
The erosion of this part is especially rapid, and the steep hill- 
sides do not afforcl typical exposures of the rocks, such as we 
get round Idutj^va, so that it is unsafe to correlate these beds 
definitely with those of Idutywa, but at any rate we know they 
occur towards the bottom of the Kentani Beds. 

In the south-east of the district we get many excellent expo- 
sures along the sea shore, where the beds are characterised by 
their diversity of colouring and hardness. The most typical 
rock is a light yellow sandstmj v.iih hardened calcareous 
nodules, occurring in banks from two to three feet thick, 
laminated and false-bedded. The nodules weather out as 
rounded balls, or elongated lumps, which stand up from the 
surf-worn surface of the rock ; these are often broken across 
the middle and have their centres worn out, leaving cup-shaped 
forms. With this rock there are red, purple and blue shales, 
hard white or gray micaceous sandstones, and indurated black 
shales ; the surface of the latter on the shore is covered with 
little square holes, which have been worn by the waves and 
give the rock a scoriaceous appearance. All these varieties 
alternate in thin beds sometimes with a dip of as much as lo® to 
the north-west, at other places with irregular dips induced by 
the intrusion of the dolerite. In the black shales about two miles 
east of the Kologha mouth we found some reptilian bones. 
The lower part of a skull is that of an Oudetwdoii and the 
general size and nature of the bones would correspond with 
animals of this type ; the rock was very hard and had many 
epidote nodules in it ; the rock also readily breaks up into 
splinters, so that the bones came out in a very fragmentary 
condition. At Mazeppa Bay the same rocks occur but fhe 
dolerite has caused great disturbances, and blocks of sedimen- 
tary rocks dip east, contrary to the general dip of the rocks 
in the neighbourhood. About half a mile from the huts at 
Mazeppa Bay there is another small bay on the west side of 
which we got the following succession from below upwards : — 

1. Massive yellow sandstone in beds from 9 in. to 2 ft. 

in thickness. 

2. Blue-black hard shale, about i ft. thick. 

3. Massive grey sandstone with white s;uidy patches, 

much alteration material. 

4. Light yellow micaceous sandstone, very hard and 

much fractured. 

5. Black shale worn into little holes on the surface. 
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6. Light yt^llow fine-grained sandstone, much fractured, 

with the joints filled in with sandy material whicli 
is harder than the rest. 

7. Massive black shale hardened by heat. 

8. Thin bed of light grey sandstone. 

9. Dark grey argillaceous siindstone with patches of light 

grey soft sandy material. 

A dolerite sheet cuts irregularly across all of the above beds. 

On the Takazi River, a tributary of the Kobonqaba, there is 
a deep hollow into which the river falls ; here there is a section 
of the sandstones and mudstones on a higher level than those 
on th J coast. At the edge of the waterfall there is a krantz 
about 40 ft. high composed of yellowish sandstone in beds 
soni'i 12 feet in thickness and jointed into blocks of about thirty- 
six square feet in siiction. The lower 120 fe:;;t of this fall is 
made of hard blue mudstones with many epidote nodules 
formed probably by the influence of the dolerite dyke that runs 
across the valley just below the falls. The siindstone weathers 
to a tough loose rock of the consistency of a freestone, and is 
very noticeable, as nowhere else in the district does one find a 
suitable stone for building purposes ; on the other hand, 
directly wc get beyond Idutywa on the main road rocks of a 
similar nature are abundant. Although correlation by litho- 
logical characters is unconvincing and unsatisfactory, it is here 
all \vd have to go upon, and at any rate makes it probable that 
the Takazi water-fall rocks, and those on the sea shore below, 
belong to the Idutywa Beds. Two hundred yards below the 
falls there is a section showing an unconformity. The upper 
beds are false-bedded sandstones and shales, thosj below the 
unconformity are of a similar nature but more thinly bedded. 
Many small calcareous concretions are contained in the rocks 
both above and below the dividing line. The plane of the un- 
conformity has a southerly dip and cuts obliquely across the 
lower beds. There is no evidence of any considerable change 
of physical conditions during the deposition of the rocks 
separated by the unconformity ; the occurrence is an example 
of what is sometimes called ** Contemporaneous erosion and 
deposit," a phenomenon that differs in degree and not in kind 
from ordinary false-bedding. 

Summing up our knowledge of the sedimentary rocks of the 
Kentani Division we find two series ; the Kentani Beds, com- 
posed of shales and mudstones with occasional sandstones, and 
the Idutywa Beds, composed of light coloured sandstones of 
looser grain than those in the Kentani Beds and blue-black, 
red, blue and purple shales. Practically the whole of the 
sedimentary rocks of the division belong to the Kentani Beds, 
but in the lower levels on the north-east and south-east sides, 
the lower beds, the Idutywa Beds, are brought in by the slight 
north-west dip of the strata 
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The iGNEors Instrisions. 

A very considerable part of the rock immediately under- 
lying the soil and appearing at intervals above it is dolerite. 
Perhaps one third of the whole area of Kentani is thus con- 
stituted. The dolerite occurs as sheets and dykes, though by 
far the greater proportion of the rock is in the form of sheets. 

In describing the sheets it wiJi be conveniLut to commence 
witl. ihe lowest ones, and take the others in the order of 
upward succession. \Ve have seen that the lowest sedimentary 
strata are met with along the coast and on the north-east side 
of the Division and that we reach higher and higher beds as we 
go inland and north-westwards. It will be evident from the 
description of some of the sheets that any one sheet is not 
closely confined to one particular horizon, but that it may 
traverse the beds at a low angle. It wr-jld indeed be difficult, 
pjrhaps impossible, to prove conclusively that an extensive 
sheet lies always between the same two beds of rock, for in 
the absence of fossils and clearly recognizable and constant 
lithological differences between successive strata, there are no 
means by which distant outcrops can be correlated exactly ; 
and in a country so well covered with vegetation as the 
Kentani Division, a particular bed cannot be followed con- 
tinuously for any considerable distance. 

Between the Kei and Kologha Rivers there are four dykes 
of dolerite exposed on the shore, and one irregularly shaped 
mass which is probably the upper surface of a sheet. The 
upper surface of a sheet is often very uneven, owing to the 
dolerite rising obliquely across the beds of sedimentary rock, 
and again returning to a lower level within perhaps quite a 
short distance. Three of the dykes run nearly east and west, 
a fourth on the west of the Gxagha mouth strikes south-east ; 
one of them, that nearest the Kologha, is loo ft. in width, 
which is larger than most of the dykes seen along the shore. 

A short way inland from the Kei mouth there is a low hill 
capped by dolerite in a form of a sheet, lying at a considerably 
lower level than the escarpment of the great Kologha sheet, 
which is first met with about four miles further inland ; pro- 
bably the two sheets were never directly connected. 

Along the shore north-east of the Kologha mouth two 
X.X.E. dykes of small size appear. They are close to the south- 
west end of a sheet which forms the shore, and the country 
just behind it for some nine miles to the north-east. This mass 
of dolerite may be called the Kobonqaba sheet for convenience, 
as the river of that name lies in it for the last four miles of its 
course. At the south-west end on the shore the sheet appears 
from below purple and grey sandstones, which are much 
hardened within some five feet of its surface ; the sandstone 
and the underlying sheet can be followed along the hills on the 
south-w'est or right bank of the Kobonqaba River to within a 
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few hundred yards of the mouth of the Takazi River, a tributary 
of the Kobanqaba from the north ; here the Kobonqaba sheet 
passes below tlie surface, and is not met with furtlier north. 
The upper boundary is continued eastwards in a sinuous Hne, 
following the contours of the hills, of which the upper slopes 
are made of the hard gritty sandstones, and the lower of the 
dolerite. From the point where the Wheeli River crosses the 
junction, the boundary between the two rocks runs north-east 
for about four miles, when it turns abruptly south, and reaches 
the coast again half a mile south-west of the Umfane River. 
Following the sheet along the shore north-east of the Nxagha 
River, its continuity is broken by the intervention of an over- 
lying mass of light-coloured sandstone and dark mudstones, in 
which green patches of epidote occur. These sedimentary 
rocks form the shore for about a mile, and end abruptly against 
vertical face of dolerite, which belongs to the Kobonqaba 
sheet, as it can be traced westward, inland, till it joins up with 
that sheet of which we have traced the boundary north-east- 
wards from the Wheeli and Nxagha Rivers. The vertical jimc- 
tion on the shore is probably a fault, with downthrow to the 
south ; the fault runs nearly due west from the shore, and 
appears to decrease in throw as it does not affect the con- 
tinuity of the outcrop along the northwestern boundary. 

The north-eastern boundary of the sheet is difficult to follow 
on account of the thick sandy soil which hides the rock. Only 
a few isolated outcrops were seen, but they seem to justify the 
following account of the sheet in this part of its course. The 
sheet breaks through the sandstone beds lying above it along 
the Kobonqaba ; along the south-west side of the Umfane it 
lies above the same sedimentary rocks, although these are con- 
tinuous with the strata overlying the sheet round the north-east 
end near the Wheeli and Kobonqaba. 

It is difficult to arrive at an estimate of the maximum thick- 
ness of the Kobonqaba sheet. On the Wheeli River there are 
vertical cliffs about lOO ft. in height cut in the dolerite, but the 
ground to the west of the river in this neighbourhood rises 
some 300 ft. above the level of the river and appears to consist 
entirely of dolerite, so the thickness of the sheet at this point is 
at least 300 feet. 

An isolated area of dolerite capping the hills between the 
Umfane and Istamfoona Rivers is probably an outlying portion 
of the Kobonqaba sheet, separated from it by the valley of the 
Umfane. 

The Kobonqaba sheet is traversed by dykes of more acid 
rock, much lighter in colour than the dolerite, these dykes are 
well seen on the shore north-east of the mouth of the Kobon- 
qaba River, but similar rocks crop out on the surface two 
miles north-east of the mouth, and on the left bank of the 
Nxagha River, about a mile above its mouth. Although the 
[G. 48—1902. F 
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manner of occurence of the acid rock in the two latter places 
is not obvious, for tlie outcrops are scattered and disconnected, 
it is probable that their relation to the dolerite is like that of 
the dykes on the beach. 

Leaving the Kobonqaba and proceeding north-east along 
the shore, a dolerite dyke 50 feet wide, running nearly cast and 
west is seen near the Unifane niouth, and a second dyke 300 
feet in width, nearly parallel with the last, traverses the sedi- 
mentary rocks at the mouth of the Istamfoona River, a short 
way from the Umfane. Between the mouths of thj 
Istamfoona and the Manubi Rivers three dykes are to be seen, 
one of which is 100 feet in width ; four more dykes occur 
between the Manubi mouth and a large mass of dolerite on 
the shore a mile east of that river. This outcrop is about a 
quarter of a mile wide, and passes under the sedimentary 
rocks on each side ; it is probably the top of a sheet, of which 
several other similarly exposed portions are seen between it 
and the Kogha River. In a small inlet south-west of Mazeppa 
Bay there is a good section showing the upper surface of this 
sheet cutting obliquely across the sedimentary rocks for about 
four feet, and then abutting against the under surface of a thick 
bed of sandstone dipping east, along which it passes beneath 
the surface of the sand. It re-appears a little way off in the 
same manner cutting obliquely across some of the beds and 
then passing under the lower surface of a bed of sandstone. 
Where the dolerite cuts across the beds, the sandstone is 
traversed by joints parallel to the surface of the dolerite. The 
sedimentary rocks are much hardened, but except for the 
aggregations of epidote in the argillaceous layers, no con- 
tact minerals are visible to the naked eye. 

The shores of Mazeppa Bay and the island oflf the coast are 
formed of dolerite, which also extends across the mouth of the 
Nebbelelli River. It forms a cliff about 100 feet high over- 
looking the sea to the east. The same sheet is found at the 
top of the estuary of the Kleena River, forming a krantz rising 
about 30 feet above sea-level. P^om here it can be traced as a 
thin sheet whose outcrop surrounds the lower basin of the 
Kleena River, then it passes westwards and forms the tops of 
low hills overlooking the estuary of the Manubi River. 

The upper half of the Kologha valley lies in an extensive 
sheet of dolerite of which only a part is exposed in the Kentani 
Division ; the western end is in the Komgha Division. It may 
conveniently be called the Kologha Sheet. The main part of 
the sheet extends eastwards from the Kei River below the junc- 
tion of the'Gcua. The cliffs and slopes of the left bank of the 
Kei for a distance of about four miles ris;:r some 1,200 feet above 
the river and two-thirds of the vertical height are composed of 
the dolerite of this sheet ; the tops of the hills on Inver Gcua, 
Fairy Dale, Wesley and Mimosa Hill, farms marked otf on the 
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divisional map along the left bank of the Kei, are thinly capped 
by a hard sandstone lying on the sheet. The junction of the 
two rocks makes a very sinuous line on the surface, bending far 
into the plateau round the deep, steep-sided ravines which have 
been cut back into it. 

On the lapsed* farm named In ver Gcua the Kologha sheet 
dips northwards across the sedimentary rocks, and a good sec- 
tion of the junction occurs here in the bed of the Kei River. 
Eastwards the sheet gives off two thin sheets which were fol- 
lowed for about two miles round the north side of the In ver 
Gcua ridge, whence they are continued as one sheet, some 50 
feet in thickness, through the farms Wesley, Raven Hill, and 
Over Reach, and occupy a considerable area in the south-west 
part of the Quintana Reserve. A corresponding ofF-shoot of 
the Kologha Sheet leaves the main mass on the eastern side of 
the Inver Gcua and Wesley hills on the farm River Stone, and 
runs up a side river towards the Kentani escarpment ; at the 
head of this river the dolerite forms the bed of the river and is 
at least 50 feet thick, but here it is connected with a thin sheet 
which winds round the south side of the Kentani escarpment 
and again joins the Kologha sheet about two miles south-east 
of Kentani. From River Stone the northern limit of the out- 
crop of the main part of the sheet takes an irregular course to 
the east, bends round the sandstone-capped hill separating the 
Nyntugha and Kologha valleys and forms the bed and greater 
part of the valley-slopes of the Nyntugha River, a tributary of 
the Kobonqaba. For some three miles south of the Nyntugha 
the bed of the Kobonqaba lies in the Kologha sheet, but further 
north the sheet is considerably thinner, and forms a band of 
decreasing width round the hills and valleys as far as the bend 
below the Columba Mission Station. Above the bend the 
sheet forms the bed of the river, partly because a fault running 
north-west through the Columba Mission Station, drops the 
rock on the north-east side, but chiefly owing to the sedimen- 
tary rocks and the enclosed sheet dipping towards the north- 
west at a low angle. After forming the bed of the river to 
within a short distance of the N'Gobe River, the sheet disap- 
pears from view in the river valley, and is not again seen 
on the west of the Kobonqaba. To the east of the river the 
sheet rises in level, probably by breaking diagonally across the 
sedimentary rocks, and occupies a considerable area to the 
south-west, north, and north-east of the Nxaxo trading station. 
In this neighbourhood the Kologha Sheet is traversed by one 
of the diorite dykes already mentioned as being the cause of 
the Transkei Gap valleys. From Nxaxo, where the sheet forms 
the surface of the plateau, the eastern limit trends southwards, 

* A considerable number of farms were at one time surveyed and ^^iven to 
people in consideration for military service against the Kalfirs. Most of these 
>vere never occupied, and the ground h?is reverted to Govennncnt. 
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taking many curves round the head-waters of streams which 
flow into the Nxagha River. The sheet is considerably thinner 
east of N'Quise than on the Kobonqaba near the Nyntugha, 
for it forms but a small part of the valley-slopes to the east of 
the sandstone-capped plateau on which N'Quise stands ; and 
at the south-ejist end of the tongue-like projection of the sheet, 
which stretches about four miles from N'Quise, the sheet dis- 
appears altogether in a ridge separating the Wheeli River from 
the N'Guisi. South of N'Quise the road to the Kobonqaba 
mouth passes over the long sloping face of an escarpment 
which here separates the high plateau on which N'Quise and 
Nxaxo stand, from a lower one. The escarpment is cut out of 
the Kologha sheet the bottom of which has determined the foot 
of the escarpment. From the point where the road leaves the 
escarpment the southern limit of the sheet trends south-west 
nearly as far :ls the Kobonqaba River, where it turns south, 
and the dolerite forms the lower part of the valley east ot the 
river. The river crosses the lower boundary of the sheet some 
four miles north-north-east of Kemlo's trading station, and from 
this point the outcrop of the sheet turns south-west as far as 
the Kologha River, near Kemlo's shop. From Kemlo's the 
outcrop runs west forming the top of the river-cliflfs overlook- 
ing the Kei ; at the same time the level of the sheet descends, 
and it eventually forms the bed of that river at Fairy Dale, 
about ten miles west-north-west of Kemlo's. The area covered 
by the Kologha sheet in the Kentani Division is about eighteen 
miles long from west to east, and twelve from north to south. 
It is improbable that the sheet ever extended far to the east of 
the outcrops still remaining, as we have seen that it thins out 
at one place between the Wheeli and N'Gusi Rivers, but it may 
have had a much greater extension southwards for the denuded 
edge of the sheet is seen in that direction ; to the west the 
sheet occupies some part of the Komgha Division, but has not 
yet been mapped there ; on the north we have seen that the 
sheet gives rise to thin off-shoots, the extent of which was 
probably never nuich greater than the area now indicated by 
their outcrops. 

There are some small isolated outcrops of sheet-like masses 
of dolerite which may be with some certainty be referred to 
the Kologha Sheet ; one is a triangular area on a hill-top 
between the upper part of the Wheeli River and the Takazi ; 
another forms a V-shaped outcrop round a spur projecting 
between the two largest affluents of the Kombolo River on 
the farm Wesley. The lower part of the steep valley of the 
Umnyama River which flows into the Gcua about three miles 
above its junction with the Kei, is cut out of a thick mass of 
dolerite which has a steep southerly dip. Whether this 
dipping sheet, which cuts across the sedimentary rocks, is in 
direct connection with the Kologha Sheet may perhaps be 
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determined in the Komgha District, at any rate the outcrops of 
the two dolerite masses suggest a synclinal bending of the 
sheet. 

The thickness of the Kologha sheet varies greatly. On the 
Kei, aneroid measurements gave a thickness of 900 feet for 
the sheet near Mimosa Dale, where both the bottom and top 
of the dolerite are found in the same section. On the Kobon- 
qaba River below Nyntugha about 500 feet of dolerite is 
exposed on the precipitous west side of the valley, but the 
top of the sheet is not seen there ; further to the north and 
east as we have seen, the sheet becomes very thin, and 
disappears. The amount of dolerite in the Kologha sheet is 
very great, and it might be expected that a dyke would be 
found occupying the channel through which rose the molten 
material that spread out laterally and solidified in the form of 
the sheet. So far as our investigation has gone, no such dyke 
or feed pipe has been seen ; it may be that the fissure or pipe 
is hidden below the area occupied by the sheet and the follow- 
ing two features may indicate the position of the hidden dyke. 
When two thick sheets of dolerite dip towards each other, 
either cutting diagonally across the sedimentary rocks, or follow- 
ing a synclinal fold in them, it is but natural to suppose, jus 
Dutton pointed out, in the absence of any observed feeders, 
that the inclined sheets or dykes are the upper parts of the 
fissure or system of fissures through which the molten material 
came. In the case of the Kologha sheet two such inclined 
masses of dolerite can be seen near the junction of the Kei and 
Gcua rivers, although the northern one, described above from 
the Umnyama valley, is apparently of much less importance 
than the southern which rises from below the sandstone at 
Inver Gcua, and, as the main part of the Kologha sheet, caps 
the hills further to the south-east. The second feature is the 
line of greatest thickness in the sheet, if it can be discovered. 
In the case of the Kologha sheet the greatest obseived thick- 
ness is just south of Inver Gcua, but it is impossible to find out 
the comparative thickness of the sheet at different places in 
the wide area between the Kei and the Kobonqaba, as the once 
overlying sedimentary rocks have been denuded away, together 
with the top part of the sheet, 

It is not unlikely that the Kobonqaba sheet, which has been 
already described, was formerly in connection with the Kologha 
sheet, but they are now st^parated by an area in which no out- 
crops of dolerite appear ; the Kobonqaba sheet also lies at a 
somewhat lower liorizon than the other. 

In the eastern part of the Division there is a sheet which 
occupies a similar position to that of the Kologha sheet. It 
occurs in the Manubi Forest, and on the hillside along the 
Kogha Valley. The outline of the dolerite exposed on the 
surface is very sinuous, as the sheet crops out on the face of 
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an escarpment, which is cut back by many streams, the head 
waters of the Istamfoona, Umtilwana, Manubi, Kleena and 
Nebbelelli Rivers. The sheet has been traced six miles west- 
wards from the Kogha River, to a few miles beyond the Gqunqi 
station, and it disappears on the north-east side of the hills 
between' the upper part of the Istamfoona and the Umfane 
Rivers. At Gqunqi an outlier of sandstone remains on the 
sheet separated from the main area of the sandstone overlying 
the sheet by about a mile. The Manubi sheet is at le;ist 500 
feet thick near the junction of the Kabak<izi stream with the 
Kogha River, and the streams north of Gqunqi have cut ravines 
quite 300 feet deep in the sheet without exposing the bottom. 
A short way up the Kabakazi, however, the whole hillside is 
made of horizontal sandstones and shales except for a thin 
sheet of dolerite near the top, which may be an offshoot of the 
Manubi sheet, although no direct connection was traced between 
them ; to the west of the Istamfoona River, the Manubi sheet 
disappears under the high ground south of Lusizi ; one small 
outcrop on the level of the plateau may be an off-shoot 
corresponding with those overlooking the Kabakazi. The 
Manubi sheet probably extends some distance into the Willow- 
vale district, north of the Kogha. Along the Kogha and the 
lower end of the Kabakazi valley the Manubi sheet is bounded 
on the north by the coarse dioritic rock of the dyke which has 
determined the direction taken by these streams. 

On the north of the Kabakazi there is a thin sheet which 
crops out along the top of the cliff forming the left side of the 
valley. It was traced by us five miles to the west, as far as the 
point just north of the Lusizi trading station. No connection 
was found between this and the Manubi sheet, or any other, 
but it lies in a position corresponding to that of the top of the 
Manubi sheet. 

Just at the edge of the plateau in the neighbourhood of the 
village of Kentani there is a sheet which was traced round the 
head waters of the Kologha, the Nyntugha stream, and several 
smaller tributaries cf the Kobonqaba River, for a distance of 
about 8 miles along the outcrop. The sheet is not more than 
100 feet thick at the most. The outcrop was not found to be 
continuous with that of any other sheet or dyke, but the rock 
is probably in direct connection with that of the Kentani Hill 
sheet, which is first seen about a mile to the north of the last 
outcrop of the Kentani sheet. The Kentani Hill sheet under- 
lies the clays and quartzite forming the cap of the hill, and 
extends about a mile to the north and sends out a thin sheet 
southwards, which crops out near the edge of the plateau 
flanking the Kobonqaba, and as mentioned above, is probably 
continuous with the Kentani sheet along this edge. The 
thickness of the Kentani Hill sheet is not greater than 100 
leet. 
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About two miles north-west of Kentani Hill a thin sheet is 
met with near the heads of the streams, which run south-east- 
wards into the Gcua River. It was traced for about a mile and 
a half along the grass-covered slopes but no connection with 
any other sheet was found. 

JBetween Cat's Pass and Nqinidwyu there is a very irregular 
sheet forming for the most part the tops of the hills overlook- 
ing the Kogha River, and the outcrop winds in and out along 
the sides of the steep ravines that the small tributaries of the 
Kogha have cut into the plateau. Near Cat's Pass the sheet 
actually forms the tops of the hills, but round Nqundwyu 
sedimentary rocks cover the dolerite. The average thickness 
of the sheet may be taken to be loo ft. On the west of 
Nqundwyu the level of the sheet is lowered by the dip of the 
beds which here have a pronounced north-westerly dip, and 
the sheet also increases very greatly in thickness. About a 
mile and a half below the junction of the Tekoe and Umzintsane 
Rivers the greatest thickness is observed, the dolerite occurring as 
a coarse-grained rock in the bed of the rivers and extending some 
way up the sides of the river cliffs. From here northwards the 
sheet rapidly decreases in thickness and on the east side of the 
Umzintsane River, at its junction with the Tekoe, the sheet 
abuts abruptly against the edges of the sedimentary beds form- 
ing a vertical face ; there is no evidence of disturbance in the 
rocks. On the opposite side of the river the sheet is foimd 
near the top of the river cliff, some 50 feet in thickness, the rock 
being very variable in texture, sometimes coarse-grained, at 
other places becoming exceedingly fine-grained. Following 
this sheet up the Tekoe River it soon dies out altogether, but a 
small patch is found further up quite separated from the main 
sheet but evidently connected with it either underground, or 
by means of a bridge that has now disappeared. In the sheet 
we have the dolerite varying in thickness within a distance of 
two miles from 100 feet to nothing. The great mass of the 
dolerite in the bed of the conjoined Tekoe and Umzintsane 
Rivers is strongly suggestive of the spot ha\4ng been the place 
where the igneous rock came up from the depths. In the hills 
of which this sheet forms the top there is usually a thin sheet 
cropping out at the foot, very irregular in thickness and dis- 
continuous. The thickness of sedimentary strata separating 
this shcjt from the upper one is from 500 to 800 feet, and if 
we consider the great mass of dolerite on the Umzintsane as 
the supply dyke, it is on that hypothesis possible that the lower 
thin sheet was given off from the same supply dyke as the 
higher. 

The surface of the northern part of the Kentani Division, 
from the Gobogob(^ trading station to the main-road between 
Butterworth and Ibeka, is mostly formed by a sheet of dolerite, 
which w^e have called the N'Hlambe sheet, from the former 
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Residency of that name, now a farm, which is situated on it. 
The western side of tlie sheet so far as the Kentani Division is 
concerned is the denuded edge overlooking the valley of the 
Gcua River, which has cut through the sheet down into the 
underlying sedimenary rocks. The sheet undoubtedly extends 
westwards into the Butterworth Divison, and also northwards 
into Idutywa and eastwards into Willowvale. The southern 
boundary is defined by a denuded edge, beyond which appear 
the underlying sedimentary rocks. In the neighbourhood of 
Gobogobo the sheet is pierced by the northern of the two verti- 
cal dykes of the Transkei Gap, which is bounded by the dole- 
rite on both sides for some three miles west of the trading 
station ; further west an outlier of the sheet is cut by both the 
northern and southern dykes. Thi ee other outliers were mapped 
t ) Ihj south of the dykes, forming caps to parts of the plateau, 
which have been isolated by the cutting back of streams flow- 
ing into the Gcua. The Tutugha River has cut through the 
N'Hlambe sheet along some seven miles of its course. North 
and north-east of the Tutugha the sheet forms a great part of 
the surface. 1'he Gcua River nms in a steep-sided valley some 
800 feet below the surface of the plateau, the valley slopes are 
precipitous in places, and the lower surface of the N'Hlambe 
sheet is well seen. The thickness of the dolerite is about 500 
feet, but the top of the sheet is removed west of the Tutugha 
Mission Station. Some five miles further up the river the sheet 
is thinner, for south-west of the old N'Hlambe Residency a 
thick cap of sandstone forms about two square miles of the 
surface of the plateau round Blyth's beacon, while the bottom 
of the sheet is considerably above the river. About three miles 
from Ibeka on the road to Manubi the road crosses another 
area of sandstone lying above the dolerite, and further on three 
more outliers of sandstone were found between the Manubi 
road and the Kogha River, on one of which Hughes' beacon 
stands. The bed of the Kogha River for the first six or seven 
miles of its course in the Kentani Division lies in the dolerite. 
The sheet dips at a very low angle to the north-west. 

The dolerite sheets of Kentani appear to vary in thickness 
very rapidly compared with the sheets of the Nieuweveld and 
Calvinia. In the ciLse of the Kologha sheet the line of greatest 
observable thickness lies between Mimosa Hill and the Kobon- 
qaba near N'Cerana but on InverGcuaa very thin sheet is given 
off from the top part of the main mass and the same phenomena 
is seen near the Columba Mission Station. The Manubi sheet 
also becomes quite thin near the trading station of that name, 
while it is 500 feet thick on the Kogha River a few miles away. 

The peculiar dykes which have given rise to the chains of 
ViUleys of the Transkei Gap, are intrusive in the Karroo Series 
and the dolerite sheets. Near Gobogobo trading station the 
dyke cuts through the southern part of the great N'Hlambe 
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sheet, and on the narrow ridge between the N'Debe and 
Tutugha Rivers the same sheet is cut by the dyke, and small 
veins of the dyke rock were found penetrating the dolerite of 
the sheets at a distance of a few feet from the main body of the 
dyke. This is clear proof that the dykes are of later age than 
the dolerite they penetrate. Although the dykes have penetrated 
the N'Hlambe sheet, the northern dyke north of Nxaxo does 
not cut through a dolerite sheet west of Cat's Pass, but it is 
probable that the rock is just beneath the sheet, for it crops out 
on the surface immediately to the east of the dolerite sheet 
on Cat's Pass, and on the same line a short way to the west near 
the N'Kukuwana River. Both the northern and southern dykes 
traverse thin dolerite sheets near Lusizi and between that place 
and the Kogha River. Along the Kogha the southern dyke has 
broken through the Manubi sheet, which is at least 500 feet 
thick at one point, and it is probable that the northern dyke 
penetrates the continuation of the same sheet in the Willow- 
vale Division. 

Near Gqunqi, south of the road between Lusizi and Manubi, 
there is an intrusive mass of acid rock, which may be called a 
microgranite ; it is in the form of a short dyke, about a mile 
long and several hundred yards wide. It pierces the sedimen- 
tary rocks and the Manubi sheet, and is extended in a north 
and south direction. Judging from the fact of its occurring at 
right angles to the dioritic dykes, and under similar circum- 
stances, it may be in some w^ay related to the diorite, perhaps 
the last stage in the irruption of the dyke rocks of which the 
more basic dolerite was the commencement. 

The sheets of dolerite generally have had much more effect 
on the sedimentary rocks near them than the dolerite dykes, 
probably on account of their greater bulk, for the dykes 
\vhich we found in favourable positions for examination of 
the sedimentary rocks surrounding them were of no great size. 

On the ground along the Gcua River west of N'Hlambe, 
marked " Gcua Location " on the divisional map, the beds 
overlying the N'Hlambe sheet are exposed on the hill slope ; 
immediately above the dolerite is a band some ten feet thick of 
a black rock like hornstone, but which breaks with a 
conchoidal fracture, and weathers with a white crust. This 
variety of rock is very commonly found both above and 
below the dolerite sheets where they are in contact with 
argillaceous rocks, such as mudstones and shales. On Zitsane 
beacon there is also a similar hornstone although no dolerite 
is near from which we would infer that the N'Hlambe sheet 
once extended over that spot. Outside the zone of hornstone, 
the most prominent feature in the argillaceous rocks affected 
by the dolerite is the aggregation of epidote in roughly 
spherical or irregularly shaped patches up to about two 
inches in diameter. These epidote nodules are found 
[G. 48—1902.] G 
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also in rocks that are better called argillaceous sandstones 
than sandy mudstones, but they do not appeal* to 
have been formed in sandstones with a small amoimt of 
clayey material. These sandstones arc much hardened, and 
have minute flakes of brown mica developed in them near the 
igneous rock, but to the unaided eye there is no apparent change 
in the sandstone other than the hardening. In a hard sand- 
stone in contact with the gap dyke in the N'Debe River, a 
microscopic examination shows that the rock is made of quartz 
grains, and about an equal quantity of irregularly bounded 
patches of a cloudy biaxial mineral, with small bitsof- epidote. 

Kentani Hill (Quintana Tree beacon on the divisional map) 
is the only conspicuous elevation above the general surface of 
the plateau which stretches northward from the Kentani escarp- 
ment. It is made of a hard, sometimes vitreous quartzite, like 
those rocks called fresh-water quartzite, limno-quartzite or 
burr-stone ; it lies upon variously coloured clays, which rest 
upon the denuded surface of a dolerite sheet. The quartzite is 
split up into many blocks by vertical joints ; the surface is 
very rough, as the stone becomes pitted under the influence of 
the weather. The quartzite is composed of grains of quartz set 
in a siliceous matrix, which is usually more or less coloured 
with iron oxides, and is often slightly argillaceous. When the 
rock is struck, it breaks across the grains rather than round 
them as a sandstone does. Parts of the rocks are rather caver- 
nous ; small irregular holes often hned with minute quartz 
crystals penetrate the rock. The quartzite is only a few feet 
thick, and rests upon some 30 or 40 feet of clay in which small 
bits and crystals of quartz are embedded. In all respects the 
quartzite resembles many of the ^' surface quartzites" described 
in previous annual reports from the districts between George 
and Saldanha Bay, and a similar rock which occupies a wide 
area near Grahamstown. A hand-specimen of a similar rock 
from a farm about 9 miles south of Komgha village was given 
to the Commission by Mrs. Reany of that village. It is of 
particular interest because it contains the silicitied seeds of 
Cbaniy and the shells of a gasteropod which looks like Limnaca, 
This is the first specimen of the surface-quartzite containing 
clearly recognizable fossils which has come to our notice. 

There can be little doubt that the Kentani Hill rock is the 
last remnant of a river or fresh-water deposit which was once 
spread widely over the Kentani Division, possibly over every 
part of it. Its deposition probably took place during or just 
after the formation of the plateau of which it now forms the 
most elevated portion, but a discussion of the conditions under 
which it was formed must be postponed until we have a better 
knowledge of the Komgha outcrops. 

The accumulations of sand along the coast do not form 
important features in the geolog}' of the Kentani Division, 
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although the sand is sufficient in quantity to obstruct the 
rivers at their mouths. Along the shore there is always more 
or less sand composed of grains of quartz and other minerals 
brought down by the rivers and worn off the rocks exposed to 
the waves along the shore, and of carbonate of lime from the 
sea shells broken up by the waves. In places the sand, or a 
layer on the surface contains a large amount of magnetite, which 
gives it a black colour. The magnetite is derived from the olivine- 
dolerites, which form a considerable portion of the fore-shore. 
On account of its higher specific p'avity the magnetite is moved 
less easily by water running over the sand than the paler 
coloured minerals, and in consequence a wave during its retreat 
from a sandy shore washes away a great quantity of the grains 
of the light coloured minerals and leaves the surface of the sand 
with a much higher proportion of black magnetite than it would 
otherwise have. 

As was mentioned in the early part of this report, all except 
the largest rivers are sometimes entirely closed at their mouth 
by sand-bars thrown up by the sea, and many of the small 
rivers are generally in that condition. The sand-bar in all 
cases (except the St. John's River) projects from the eastern or 
north-eastern shore of the mouth, for the general set of 
currents and tides along the coast carries the sand in a south- 
westerly direction. From the maps, however, it would appeiu" 
that in some years the sand-spits project from the south-west 
side of the rivers ; such a spit for instance, is marked on the 
south-west side of the Kei mouth, whereas during our visit to 
that place a small spit ran out from the north-east side. 

It is rarely that a considerable sand-dune is formed on the 
land behind the coast, although the wind blows enough sand 
from the beach inland to make the soil very sandy along 
almost the whole coast between the Kei and Kogha Rivers. 
North-east of the Nxaxo River, and north-east of the 
Nebbelelli River there are high hills of blown sand very 
scantily covered with vegetation, but in general the sand is 
much more overgrown than the sand dunes of the south and 
west coasts of the Colony. This is no doubt in part due to 
the greater rainfall along the eastern coast, but the sand itself 
seems to be blown up in smaller quantity, and the coast is 
more rocky in the east than in the south and west. Another 
point of difference is less easily explained ; in the south and 
west of the Colony the sand-dunes often become consolidated 
into a. sandy limestone by the solution and re-deposition of 
some of the carbonate of lime in them, but in the Transkei 
we did not see the results of any action of this sort, 



Digitized by 



Google 







/" 




\ 



^^ 



/■ 



Digitized by 



Google 



•V 



n; 



^ 



y 



^ 



X 



:r 



y-^^ 



A, 



X 



Digitized by 



Google 



\\ 



(^ 



^^ 



A 



C 



Digitized by 



Google 



< v^ 



x^- 



X 



"T" 



^ 



Y^ 



y 



Digitized by VnC 



Digitized by 



Googki 



WENCE LiBRAR^' 

CAPE OF GOOD HOPE. 



,U 



(TAN I 

"^ TO IBEK/ 



rSKBGAP 




I 



I 



I 
r 



G. 6-1903.] B,200. 



^ 



Digitized by VnOOQ IC 

\ 

A 



R T( 

<8KEICAI 




Digitized by 



Google 



t 



CAPE OF GOOD FIOPE. 



8CI£NCe UBRAR- 



<iTANI 

R TO IBEK/ 



iSKEICAP 




G. 6—1903.] 



B.206. 



f 



Digitized by 



Google 



I 
I 

% 

f 



\ 



I 

i 

f 

i 




Digitized by 



Google 



CAPE OF GOOD FIOPE. 



DEPARTMENT OF AGRICULTURE, 



Annual Report 



OF THE 



GEOLOGICAL COMMISSION. 



190 2. 



Presented to both Houses of Parliament by command of His Excellency the Governor, 

1903. 



CAPE TOWN: 
CAPE TIMES LIMITED, GOVERNMENT PRINTERS, KEEROM STREET. 

1903* 
G. 6—1903.] B^oC. 



8CI£NCeUBRARv 



Digitized by 



Google 



Digitized by 



Google 






•SIS", 



Annual Beportof the Geological Commission^ 



1902. 



CONTENTS. 

Page 

1. Chairman's Letter ... ... ... ... ... i 

2. Report of the Acting Geologist ... ... ... 3 

3. Report on Part of the Matatiele Division, with an Accouni 

OF THE Petrography of the Volcanic Rocks. By E. H. L. 
Schwarz... ... ... ... ... ... ii 

4. Report on Parts of the Divisions of Beaufort West, Prince 

Albert, and Sutherland. By A. W, Rogers and E. H. L 
Schwarz ... ... ... ... ... ... 97 

A Map to Illustrate the Geology of Matatiele 



Digitized by 



Google 



Geological Commission of the Colony of the 
Cape of Good Hope. 

1902. 



,ooini)9!HII^^W«fllnflA 

The Hon. j6hn Xavier MerribIan, M.L.A. 

Thomas Muir, C.»§[P,^t.D., M.A., F.R.S., F.R.S.E. 

Superintendent-General of Education. 

Sir David Gill, K-CB., _LL.D^ F.R.S., Hon. F.R.S.E. 
His Majesty's Astronomer at the Cape. 

Thomas Stewart, M.I.C.E., F.G.S. 

Charles Currey, under Secretary for Agriculture. 

aoA4 

1 .. ... .. o- A aai"F?!J r'viamhiahO .i 

Secretary-— 

I .. ... .THEODORftoAfaWEKfiaNZJI.SHT HO TflfmH s 



fVIUOOOA KA HTIW ,MOI2IVia HJSITATAM 3HT HO THAS MO THOqJlH .£ 

.J .H .3 ya ,3H0oH S@iSNn[MlRie) Y8*4*ft34 .iht ho 

II •. ... .. ... MlJWfbci 

Acting Geologist — 

Assistant Geologists — 

Alex. L. du Toit, B.A., F.G.S. 

Museum Assistant — 
Miss M. Wilman. 



Digitized by 



Google 



Cape Town, 

24th February, 1903. 

The Hon. 

The Secretary for Agriculture. 

Sir, — I have the honour on behalf of the Geological 1 

Commission to forward the report of the proceedings of 
that body for the year 1902. 

These proceedings are so well summarized in the 
general report of Mr. Rogers, that it is not necessary 
that I should enter into any details. 

Owing to the cessation of hostilities, and the return 
to normal conditions, it has become possible to resume 
the work of the Commission on the lines originally laid 
down, and it is hoped at no distant date, that the survey 
will be sufficiently connected to permit of the pubHca- 
tion of another section of the general geological map of 
the Colony. 

Owing to his acceptance of an important position 
elsewhere the Commission has lost the services of Dr. 
Corstorphine who had been at the head of the scientific 
work since the commencement of its labours. They 
take this opportunity of putting on record their sense of 
the value of Dr. Corstorphine's services to the cause of 
S.* African geology and of the manner in which the 
initial work involved in laying out the plan of operations 
was carried out by him. 

It is a matter for congratulation that, though no longer 
in this Colony, Dr. Corstorphine's scientific knowledge 
[G. 6—1903]. B 
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and experience are not lost to South Africa. Since his 
departure the scientific work of the Comiiission has been 
under the direction of Mr. Rogers, who has been the 
principal field assistant since the survey started, and the 
Commission has every reason to be satisfied with the 
way in which he has discharged his duties. 

The staff of the survey has been increased by the 
addition of Mr. A. L. du Toit, a colonist who has had 
the advantage of a thorough scientific and practical 
training in Europe. 

The need of increased accommodation for laboratory 
work as well as for housing the large, and constantly- 
increasing additions to the collection of geological 
specimens in such a way that they may be more 
accessible to students and to scientific visitors has been 
forced upon the Commission, and by them brought to 
I he notice of the Government. The Commission 
d'^:i'res to acknowledge the reasonable manner in which 
their representations on this and other occasions have 
been n-iet by the Government. 

I have the honour to be, 

Sir, 

Your obedient Servant, 

JOHN X. MERRIMAN, 
Chairman. 
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GEOLOGICAL SURVEY 

OF THE 

COLONY OF THE CAPE OF GOOD HOPE. 



Report of the Acting Geologist for the Year 1902. 



During the past year the work of the survey has been 
confined almost entirely to districts occupied by rocks 
belonging to the Karroo System. 

In February Mr. Schwarz and I left Cape Town for 
the Transkei, as it was then impossible to carry on 
fieldwork in the Western parts of the Colony. We 
travelled from Butterworth to Umtata, and thence to 
East Griqualand by way of Tsolo and Maclear. This 
journey gave us a general view of the rocks lying be- 
tween the Kentani Beds (probably belonging to the 
Beaufort Series) and the Stormberg Series. 

The Division of Matatiele was chosen as the field of 
work, for it was the nearest district in which a survey 
of the Stormberg Series could be made at the time. 
There was no topographical map, at all suited for our 
work, of the country nearer Maclear, in which the same 
rocks are found, and the more westerly Divisions were 
not open for work of this nature owing to the war. 

I had only a few weeks' work in the field in the 
Drakensbergen, north of Matatiele, before going on 
leave early in April, but Mr. Schwarz carried on the 
survey of that district till the end of June. The results 
of this work are described in some detail by Mr. Schwarz 
in his report, which is illustrated by a geological map of 
the area. The chief interest of the work lies in the 

B2 
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account of the volcanic rocks of the Drakensberg, which 
have not previously been described in such detail. That 
volcanic rocks exist in that range of mountains has 
long been known, but excepting a petrographical des- 
cription of some rock specimens by Cohen,^ who got his 
specimens and all his information as to their occurrence 
from the late Mr. J. Orpen, and a general description of 
some volcanic necks in the Stormberg District by Dunn^, 
who also laid down the boundaries of the volcanic rocks 
of the Drakensbergen and Maluti Mountains in the 
third edition of his map, very little has been written 
about them. 

The discovery of a whole series of volcanic necks in 
the Matatiele Division in such positions that one is 
forced to suspect that large parts of the Drakensberg 
and Maluti ranges were formerly chains of volcanoes, 
and that they owe their elevation to those volcanoes, is 
of great importance to the knowledge of South African 
Geology. 

The results of this survey so far as it affects the upper- 
most part of the Stormberg Series may be summarized 
by saying that the volcanic activity began in this region 
during the deposition of the Cave Sandstone, and that 
thousands of feet of lava flows were poured out partly 
from fissures and partly from vents. The occurrence of 
tuffs, or fragmental rocks of volcanic origin, was found 
to be very local ; in fact, in the Matatiele Division they 
are practically confined to the necks or vents which they 
fill. Mr. Schwarz found some fairly well preserved rep- 
tilian remains in the Red Beds, which underlie the Cave 
Sandstone; and a considerable collection of fossil 
plants was made from several places between Maclear 
and Matatiele. These plants will be of great help in 
the mapping of the Molteno Beds, in which the only 
workable coal known to occur in the Colony is found. 

Coal was seen in several localities on about the same 



' E. Cohen. I'eber eini^c cigcnthiimliclie Melaphyr-Mandelsteine aiis Siid- 
Afrika. Neues Jahrbuch fiir Min., etc., 1S75. A map showing the distribution of the 
volcanic rocks, based upon Mr. Orpen's information was pubh'shed witli this 
paper. 

« E. J. Dunn. " Stormberg Coal Fields." Cape Town, 1878, 
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geological horizon as the Indwe Mines, and there is 
certainly a good field for the search for workable coal in 
the higher parts of East Griqualand; but it must not 
be expected that the useful character of the seams 
should increase as the coal horizon is followed north- 
eastwards from the existing mines. Until the trans- 
port of heavy loads is facilitated by railways, it is not 
likely that any work will be done on East Griqualand 
coal for other than household purposes, and even for 
such uses but little has been attempted in Matatiele. 

After my return from leave in August, mapping in the 
Western Province could be recommenced, and the 
greater part of the last four months of the year was 
devoted to a survey of the Gouph and Mordenaar*s 
Karroo ; those districts are composed of the lower part 
of the rocks belonging to the Karroo Systems, ana an 
account of the geology of the area will be found on 

PP- . 

During our journey in the Gouph, we heard of a 

large skeleton in the rocks near van der Byl's Kraal, and 
when we reached that place we found that the skeleton 
was on Hoogeveld, Lot A, ground which now belongs to 
Mr. J. P. Snyman, of Knofiock's Fontein. Mr. Snyman 
very kindly took us to the spot where the bones lay, and 
allowed us to remove them. In the matter of the 
transport of these bones, which weighed some 700 lbs., 
to our camping place, and thence to the railway, we 
were greatly helped by Mr. M. van der Byl, of van der 
Byl's Kraal. The Commission is greatly indebted to 
Messrs. Snyman and van der Byl for the skeleton and 
aid in carrying it to the railway. The bones were un- 
packed in the Museum in December, and cleared of 
their matrix by Miss Wilman, under the superintendence 
of Dr. Broom, who found that they are an almost com- 
plete skeleton of Pareiasaurtis serridens, Owen. Dr. 
Broom has described the specimen, and his description, 
with illustrative plates, will appear during this year in 
the palaeontological volume of the Annals of the South 
African Museum. The skeleton itself will soon be set 
up in one of the galleries of the Museum. 

In July of last year the Commission decided to have the 
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fossils, collected since the commencement of the survey in 
1 896, named and described by competent authorities on the 
various groups concerned, and to have the descriptions 
published in a special volume of the Annals of the 
South African Museum, by arrangement with the 
Trustees and Director of the Museum. Although the 
collections of the survey are not handed over to the 
Museum for disposal, a considerable part of the South 
African collection exhibited in the Museum has been 
obtained by the officers of the Geological Commission, 
and the joint publication of the palaeontological work 
based upon the specimens belonging to the Survey and 
those belonging to the Museum will be advantageous tc 
both Institutions, and also to all who are interested in 
South African Palaeontology. 

A collection of reptilian bones from the Karroo Sys- 
tem, one fossil reptile from the Sunday River Beds, and 
several fragments from the Cretaceous Series of Pondo- 
land, are in the hands of Professor H. G. Seely, F.R.S., 
of King's College, London; the plants from the Uiten- 
hage Series and the Karroo System, as well as a f^w 
from the Cape System, are being examined by Mr. A. C. 
Seward, F.R.S., of Cambridge. Mr. Philip Lake, ot 
Cambridge, has undertaken to deal with the Trilobites 
from the Bokkeveld Series himself, and to arrange with 
other palaeontologists for the examination of other 
groups of the Bokkeveld invertebrates. Mr. F. L. 
Kitchen, palaeontologist on the English Geological Sur- 
vey, has in his hands all the invertebrates from the 
Uitenhage Series and from the Cretaceous Series of 
Pondoland, except some foraminifera from the latter, 
which Mr. F. Chapman, of the Melbourne Museum, has 
kindly undertaken to determine. Dr. R. Broom, of 
Pearston, has lately been in Cape Town, and was good 
enough to examine several specimens, and to describe 
some of them. 

It is unfortunate that nearly all our collections should 
have to be sent out of the country for description, as, in 
addition to the delay, there is considerable risk of injury 
and loss of the specimens in transit, a risk that is greatly 
increased in the case of large and heavy reptilian skele- 
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tons. There is little probability of having specialists in 
South Africa on many groups of fossils for several years 
to come ; at present Dr. R. Broom is the only palaeonto- 
logist in the Colony, and it is to be hoped that his services 
will be available to the Commission in the future as they 
have been during the past two months. 

It has become more and more desirable, during the 
work of the survey, that a classification of the sedimen- 
tary rocks of the Colony should be adopted, which is 
unlikely to require any considerable alteration in the near 
future. In his introductory Report to the Annual 
Report of the Commission for 1897, Dr. Corstorphine 
inaugurated a scheme which can now be extended. Dr. 
Corstorphine then adopted the classification of Schenck, 
so far as it concerned the rocks lying between the base of 
the Table Mountain Series and the base of the Dwyka 
Series, noting at the same time the difference between 
Schenck's conception of the relationships of the several 
members of the Cape Formation (or System) and that 
which was held by A. G. Bain and Dunn. The latter 
view was held to be the correct one according to the 
results of the survey up to that time, and the work of the 
subsequent years has corroborated the decision. 

The work of the past year has given us a detailed 
knowledge of the Stormberg Series in a part of East 
Griqualand, and also a much closer acquaintance with 
the lower part of the great thickness of rock which forms 
the Great Karroo, than we had before. The present 
occasion is therefore a suitable one for the extension of 
the plan laid down in 1897. The classification adopted 
should be at once consonant with the known facts, and 
capable of being amplified without undue strain by the 
new facts which the progress of the survey and the work 
of other observers are bound to bring to light. 

The " Karroo Formation " of Schenck,^ including the 
rocks from the base of the Dwyka Series to the top of 
the Stormberg, is most certainly a very convenient and 
well-chosen term. The Stormberg group has been 
separated from the underlying beds, which were divided 

> " Die geologische Entwickelung Stid-Afrikas." Pet. Mittheilungen. t888. 
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up into " Lower " and " Upper Karroo " by Dunn ^ ; 
but the arrangement of Schenck, which is followed by 
FeistmanteP and Molengraaff,^ and in which the Storm- 
berg group of rocks is a sub-division of the Karroo Sys- 
tem of equal value to the Ecca and Beaufort Series, 
gives a much better idea of the relationships of the three 
groups than the other scheme. 

In the subdivision of the Karroo System we have 
found it convenient to separate the Dwyka conglome- 
rate, together with the beds immediately below and 
above it, from the Ecca Series, an arrangement but little 
different from that of Dunn^ (1887), sind practically the 
same as Dunn^ made in 1875. 

In the subdivision of the Beaufort and Stormberg 
Series we have followed Seeley'^ and Dunn^. 

The rocks that are older than the Cape System and 
younger than the Karroo System are less satisfactorily 
dealt with. Schenck calls the former the " Primary 
Formation," which is a question-begging expression, and 
at the same time is now erroneous, for there are at least 
two, and probably three, unconformities known within 
that Formation ; the application of the term " Primary" to 
the group of three or four separate, and in part at least 
consecutive, series of beds, is evidently wrong. The use 
of such terms as " Archaean " and " Azoic " is undesir- 
able, and seems to shut out hope for future discoveries 
of organic remains. In the case of the South African 
rocks called " Primary " by Schenck, the unconformable 
overlying beds are perhaps the equivalents of the Lower 
Devonian of other countries, and some of the " Primary " 
rocks may eventually prove to be of the age of the 
Lower Palaeozoic of other countries. It is, therefore, 
advisable to use a non-committal term such as " Pre- 
Cape rocks" for the beds older than the Cape System. 



« Geological Map of South Africa. 3rd cd. 1887. 

» " Uebersichtliche Darstellung der Geologisch-palaeontologischen Verhaltnisse 
Sttd-Afrikas." 1889. 

* Rapport van den Staatsgeoloog, Z. A. R. for 1897. Pretoria, 1898. 
« Geological Map of South Africa. 3rd ed. ..1887. 

• Geological Map of South Africa. 2nd ed. 1875. 

* Phil. Trans. Roy. Soc. Lond., 1892. B. p. 311. 

• Report on the Stormberg Coal Fields. Cape Town, 1878 
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In the future a convenient territorial name may be found 
for them, or they may be split up into two or more 
systems equal in value to the Cape and Karroo 
Systems. 

Whether the Uitenhage Series and the Cretaceous 
Series of Pondoland may be placed together in a " Cre- 
taceous System " depends upon the results obtained by 
the palaeontologists, who have not yet settled definitely 
the age of the Uitenhage fauna and flora. 

The deposits of more recent age than the Uitenhage 
and Pondoland rocks can be called " Superficial Depo- 
sits " until we have evidence that some of them contain 
the remains of extinct species of plants or animals. 

The classification adopted here will be adhered to as 
far as possible in the subsequent Reports of the Survey, 
and also in the arrangement of the South African geo- 
logical collections exhibited in the South African 
Museum. 



Superficial Ue 
posits 



f Dune sands, and limestone derived from them. 

I Alluvial muds, sands, and gravels, near the present levels of the 

I rivers. Later ite. 

I Estuarine deposits containing Unaimniicvn mu\ Crvptodon ^loba- 

I Quart/.itic rocks and ironstone fjravels, representing older river 
[ deposits and laterites. 

Pondoland Cretaceous Series, 
ritenhage Series. 



I Volcanic Beds. 
, .,, . ,., . I Cave Sandstone, 
rstoniibergbc-nes. ■'. R^d Beds. 

I Molteno Beds. 



Karr(M) Svstem. 



In the Transkei : — 



Beaufort Series. 



I 



Ecca Series. 



Dwvka Scries. 



( Zone of Specialized The- ) ir,.^i^„: tj^^„ 
I riodonts. r K^"*^"» ^^^^- 

"^1 Dicyiiodon Beds. | 



Parciasaimis Beds. 



Idutvwa Beds. 



{Shales and thin sand- 1 
Laingsbm-ii Beds. > Tmsikaba Beds. 

Shales. 

j I'pper Shales. 
> Ct)nglomerate. 
r Ix)\ver Shales. 



( Witteberg Series. 
Cape System. \ Bokkeveld Series. 



Table Mountain Series. 



Digitized by 



Google 



\ 

TO 

Pre-Cape Kocks : — 

In the south and west of the Colony- - 

Ibiquas Series. 
Cango Series. 
Malmesbury Series. 

In the north and north-west of the CoUuiy — 

Matsap Series. 
Griqua Town Series. 
Campbell Rand Series. 
'Keis Series. 
Xamaqualand Schists ? 

Mr. E. J. Dunn has pointed out an error in the Geo- 
logist's Report for 1899, p. 17. It is there stated that 
Mr. Dunn observed glacial striations " on the boulders 
collected by Mr. T. N. Leshe." Mr. Dunn points out 
that the boulders were collected by himself. The mis- 
take, which we regret, would have been corrected 
earher had an opportunity occurred of doing so. 

During the past year many publications have been 
received from various institutions and private individuals. 
These additions to the Library have been duly acknow- 
ledged, but the Commission takes this opportunity of 
thanking the donors for their journals and papers. 

ARTHUR W. ROGERS. 
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lEOLOGICAL SURVEY OF PARTS 

OF THE 

MATATIELE DIVISION, 
GRIQUALAND EAST. 



The present report deals with the country immediately adja- 
cent to the Drakensberg Mountains, in the Division of Matatiele 
and includes the Stormberg Beds, that is, the Coal Measures, 
Red Beds, and Cave Sandstone of Mr. Dunn. There are also 
many volcanoes, with a series of volcanic rocks, ranging from 
bedded tuffs and agglomerates, through lava-flows and amygda- 
loids to coarsely crystalline dolerites. Besides these, there ai^ 
intrusive dykes and sheets of dolerite, which belong to a period 
of injection in which there was no outlet for the molten rock on 
the surface. It is evident, therefore, that the Division of Matatiele 
is most interesting geologically ; if one also takes into considera- 
tion the people and plants that now live in the land, as well as 
the inhabitants in ages long gone by, the interest is by no means 
lessened, for, besides the Bushmen, who have now disappeared, 
having left their imprint in the caves in the mountains, there 
are a great number of detached tribes of natives, each with a 
long consecutive history and with their native customs still very 
little modified by contact with white men ; there are the 
Basutos under several chiefs, the principal one being George 
Moshesh, then the Hlubis, Zizis, Zulus (Hlangwinis), and 
Griquas ; if we add Dutch, Enghsh, and German (Trappists), it 
is evident that there is a sufficiently wide field in Ethnology 
waiting the explorer in this small district. In the plant world, 
on the other hand, there is the alpine flora of the mountains, 
the various Proteas and the peculiar native trees that still form 
small patches of forest in the sheltered kloofs, a field of re- 
search hardly touched. 

We came to the district through Uratata, Tsolo, Maclear, and 
Mount Fletcher, thereby obtaining an excellent section through 
the country, which, added to the work done last year in the 
south, affords us a consecutive section from the Dwyka Conglo- 
merate to the Cave Sandstone, from Carboniferous or Permian 
to, perhaps, Oolite or Upper Jurassic periods. As was 
pointed out in last year's report, the lower series of rocks over- 
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lying the Dwyka Cori;;;(:>::ierate, though occupying similar posi- 
tions, and containing the same fossils as the Ecca and Beaufort 
Beds of the west, nevertheless do not conform hthologically to 
those western representatives, and we had to give new names to 
the series in order to emphasise this difference ; we found : — 

Eastern Province. Western Province. 

Dwyka Conglomerate. Dwyka Conglomerate. 

Umsikaba Beds. Ecca Beds. 

Idutywa Beds. Beaufort Beds. 

At Umtata we have the Idutywa Beds, white chalky-looking 
sandstones between shaly beds that are often highly coloured 
in blues and reds. Along the Tsolo road there are few oppor- 
tunities for studying the geology of the country, but just before 
reaching the village, there is a great mass of dolerite that forms 
the Tsolo mountain. Similar masses of dolerite occur along a 
hne, approximately N.E., S.W., ranging from Tsolo through 
Mount Ayliff. Tliey are laccolitic in nature, that is, they are 
enormously thick in the centre, m some cases, like the Insiswa, 
some 1,000—1,500 feet thick, but round the sides they rapidly 
thin out, and a short way from the mountain the strata have no 
trace of intrusive rocks included in them. The line of these 
great laccolites, as far as we know it, between Tsolo and 
Moimt Ayliff, lies off the seaward face of the Drakensberg 
plateau, and is separated from the actual escarpment by a gap 
of considerable extent. Beyond Tsolo the road winds up and 
down over the hills to the River Inxu, having crossed which, the 
ascent of the escarpment is reached. A small tributary of the 
Inxu, the Intwyenka (pronounced Intchanka) cuts far back into 
the face of the cliff, and it is up this valley that the new road is 
made. The plateau rises about 2,000 ft. above the lower ground, 
the base varying from 2,100 (Umtata level) to 2,700, and the top 
varying from 4,300 to 4,650 (Matatiele level).* The Dutch have 
given to this line of escarpment the unfortunate name of Zuur- 
berg, because it is like a mountain seen from the south, and be- 
cause the soil is thin and sandy, and supports only the sedges 
and coarse grasses that grow on soils with an acid reaction. 
Here the Waagen-boom+ and Sugar-bush are first seen cover- 



* Tliese figures are very uncertain ; the level of Matatiele is ;»iven as 4,900 
feet in the Mcteorolofjical Reports. 

t These are probably the same species that j^jrow in the same position in 
Natal and determined by Mr. Fourcade as Protcn hi rid, M.S., and /'. l:xNn\ilaUi, 
E. Meyer. Report on Natal Forests, Natal, 1889, pp. 117-118. 
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ing the slopes of the hills in great quantities, giving to th^ 
plateaux a pleasing aspect of open park-land. 

The Drakensberg plateau, as far as we have followed it, cou- 
sists entirely of Stormberg Beds, with a small number of in- 
trusive dolerite dykes. About the head-waters of the Unzini- 
vubu River (St. John's), however, the plateau apparently be- 
comes injected with immense dolerite sheets, and the normal 
character of the country seems to be obliterated. All over this 
plateau the soil is poor and sour, and farmers have great diffi- 
culty in getting a patch that will even raise a little garden stuff, 
but where the dolerite dykes and sheets crop out on the sur- 
face, there is always some red soil (laterite) which is good and 
productive, so that in this way one finds nearly all the home- 
steads situated in the neighbourhood of the dolerite. The 
natives say, also, that the red soil is warmer, and they prefer to 
build their kraals on it. I think this is due to the amount of 
transpiration that goes on through the sandy, sour soil, and con- 
sequent evaporation of water at the surface, which naturally 
produces cold, whereas the compact clayey laterite does not give 
off water-vapour, so that at nights the heat absorbed during the 
day is dissipated slowly, and is not neutralised by the conversion 
into vapour of water held up in the soil. 

The Molteno Beds of Green correspond to Dunn's " Coal 
Measures " ; they consist of shales between banks of coarse sand- 
stone ; this latter is made up of clear limpid quartz, often show- 

g crystal faces and even perfect pyramids, with more or 

;s felspar and a little mica. The fractured surface of 
iLe quartz-grains reflects light strongly, and masses of 
the rock glisten in the strong sunlight as if the sur- 
face were set with cut stones ; hence the name Dunn gave to 
this rock of "glittering sandstone," This sam3 peculicirity* is 
noticed in the Hawkesbury Sandstone of Australia, which is 
similar to our Table Mountain Sandstone, in that it consists of 
a massive series of false-bedded sandstones, i,ooo feet or so 
thick, but which lies above the productive coal measures, and 
corresponds in age to our Stormberg Beds. The rock in 
Matatiele is usually massive, and forms beds two or three feet 
thick, which disintegrate on the sides of the kloofs into immense 
slabs. Many kloof-sides are just one jumble of these great 
blocks, which are ingeniously utiHsed by the farmers, who take 
a great slab of a convenient thickness, and run in a series of 
iron wedges in a row, each wedge being driven in for about two 
inches ; then on giving the stone a blow, a rough column is 
broken off and the process repeated, each slab affording five or 

• Ch. Darwin, Geological Observations. 18^1. Pt. il, Geological Observations 
on|Volcanic Islands, ip. 131. 
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six columns from 4 to 6 feet long, which answer admirably for 
fencing poles. Owing to the extreme scarcity of wood in these 
parts the farmers would be badly off for poles if it were not for 
the sandstone being so well adapted for the purposes. The 
sandstone in the Molteno Beds is also useful for building, 
being so easily trimmed, and examples of its use are exhibited 
in the Maclear and Ugie Bridges, both made entirely of stone 
from the neighbourhood. The usual colour is creamy white, 
but it is often tinged grey with carbonaceous particles and some- 
times contains actual beds of coal. All grades of fineness can 
be seen up the Intvvyenka cutting, and near Maclear village some 
very coarse varieties are met with, which have more the appear- 
ance of a pegmatite granite than of a sedimentary stone. In 
between the banks of sandstone there are muds of various kinds, 
sometimes yellow or bluish, sandy clays, imlaminated, with fern- 
fossils irregularly distributed, or again they may be brilliant 
blue, white and red clays, and thirdly they may be blue-grey or 
black laminated shales of all degrees of fineness of lamination 
often with layers full of fossil ferns and in places with coal. 
Dunn states that in the Stormberg area the " coal measures " 
are distinguished from the beds above and below by the absence of 
these bright coloured clays, but in the Matatiele Division one 
can see the coal measures in one kloof, with fern fossils, and in 
the next kloof the section will show only brilliantly coloured 
clays, red, blue and white. 

Maclear is a very good place for studying the Molteno 
Beds in their typical aspect, and there are many points round the 
village which are specially interesting. Coal has been dug in 
considerable quantities from the north bank of the river, and has 
answered admirably for the purposes to which household coal is 
put. It is very variable in quality, however, and the seams 
grade into coaly shale. In the road-cutting leading out from the 
village northwards, there are several coaly seams exposed, one, 
however, is very interesting. It occurs near the top of the hill, 
and the seam is in sandstone. Near by tnere is a dolerite dyke, 
and the sandstone has been cracked, evidently as a direct result 
of the dolerite intrusion. One of the cracks runs down through 
the sandstone into the coal seam, and the space left gaping, 
about an inch in width, is filled in with coal. Here, then, we have 
undoubted proof that under the influence of heat derived from 
injected molten rock, and also probably of water circulating 
through the rocks, coal can be taken from its original seam and 
deposited in cracks in the neighbourhood. This was my ex- 
planation of the occurrence of the Beaufort West coal. There 
there is a vertical crack of considerable extent filled with coal, 
and the only true seams to be found are a number of thin beds 
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varying from half an inch to an inch in thickness. These I 
took to be the source of the coal in the crack, for when the 
dolerite that occurs so plentifully at that spot, was intruded, the 
water in the rock became intensely heated, swept out what coal 
there was in its path to the outer surface, and deposited it in the 
crack. The difference between the Beaufort West occurrence 
and the Maclear one is, that in the two cases the proportions 
between the size of the seam and the crack are reversed. At 
Beaufort there is a big crack and very small seams, in Maclear 
a big seam, while the crack filled with coal is small. 

To the west of the village of Maclear there is a hill, really the 
continuation of the plateau of which the sandstone with coal is 
the defining bed. At this locality the sandstone is well exposed 
in ledges with small caves beneath. At the base of the krantz, 
the sandstone is full of very well-preserved ferns, of which 
Thinnfeldia odontopteroides is the most abundant. The latter 
fern is found in every part of the Molteno Beds, and can be 
easily recognised from the fact that it usually divides in two, a 
short way up the frond, and other>vise has no branches. 

About two miles from Maclear on the Ugie road there is a 
very fine example of an upright stem exposed in a road-cutting ; 
the rock in which it occurs is grey sandy clay, and the stump is 
about 15 inches in diameter and about two feet long; on the 
lower side there are two roots coming off at an angle of 1 50° 
between them. The wood is silicified, but the outer casing is 
carbonised 

Coal-seams similar to those at Maclear can be seen in the 
road-cutting as one nears Mount Fletcher from Maclear; they 
consist of coaly seams in the shales, and patches of coal in the 
sandstone. Beyond Mount Fletcher, at the Tina Drift, there 
are great numbers of Thinnfeldias and whole layers filled with 
reed-like bodies, one species coarsely, the other finely fluted. A 
larger amount of dolerite than usual occurs in the neighbourhood 
of Mount Fletcher. 



MATATIELE SEDIMENTARY BEDS. 



In Matatiele we have to deal wdth the same beds as those just 
described, but in the work undertaken by the survey party, which 
was mostly under the mountains, the higher beds of the Storm- 
berg Series* were principally investigated. 



• This name was first used by A. Wylev, Notes of a Journev in Two 
Directions across the Colony, Cape Town, 18S9, p. 11 ; it was also independently 
sug^'ested by T. H. Huxley, Q.J.G.S., Vol. XXIII., 1867, p. 5. 

[G. 6—1903.] C 
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According to Dunn, the succession above the Beaufort Beds is 
as follows, from above downwards : — 

Volcanic Lavas. 
Cave Sandstone. 
Red Beds. 
Coal Measures. 

In this report Green's term " Molteno Beds "* will be used for 
the " coal measures ** of Dunn, as the latter term is too ambitious 
for the particular set of beds. 

In Matatiele the Molteno Beds are well defined at the top, so 
that one is seldom in doubt as to the upper limit of them. The 
entire thickness would be about 2,500 feet. It is quite different, 
however, with the two succeeding divisions of the sedimentary 
rocks. In some places the two series can be well recognised, 
at others the Cave Sandstone is plainly absent, and in still other 
places it is impossible to decide whether they are two series or 
one, and to which particular series, if there is only one, the beds 
in question belong. 

The sedimentary beds in Matatiele have an absolute a^p to the 
north-west, but this dip is made up of two components, a drag 
due to the falling in of the line of volcanoes after their activity 
had ceased, which, as we shall afterwards see, produced a oip to the 
N.N.W., and another drag, whose origin we do not yet know any- 
thing about, which depressed the beds in a direction parallel to 
the volcanic chain, reaching its culmination, as far as we have 
seen, at Ongeluk's Nek. The strata are very nearly horizontal, 
and appear to be quite so owing to the smallness of the dip. 
There are no folds developed in the rocks, except in one place, 
between the Kenigha River and the village, where there is a 
gentle syncline, and the river runs through the centre of the 
arch of the anticline formed by this syncline and the general dip 
of the strata. There are several faults along the Kenigha, 
especially about four miles south of Nehemiah's Drift, but the 
fault-faces are usually separated by a dolerite dyke, so that it is 
probable that the intrusion of that rock and the dislocation were 
closely connected in origin. 

The general arrangement of the sedimentary beds, therefore, 
in Matatiele is for the Molteno Beds to occuoy a larger area in 
the east ; while in the west, the higher beds being depressed, 
they occupy. I will not say a larger area, because so much has 
been removed by denudation, but a more conspicuous proportion. 



* A, H. Green, Report on the Coals of Cape Colony, Cape Town, 1883, p. 6, 
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In the following description we will take the beds from the east 
to the west. 

The most eastern point of the ground surveyed was on the 
borders of the Inhlangwini location. This lies on a spur of the 
mountains separating two areas, each forming a gathering basin 
for the Umzimvubu (St. John's) River. The valleys under the 
Drakensberg are divided all along into compartments by means 
of high spurs, and this makes it difficult to get about. Each 
basin is divided up into farms, unless it is a location like the 
Inhlangwini one, and the farmers in the one area are practically 
shut off from those living in the neighbouring basin. 

The first basin is marked on the maps still as " Vacant Loca- 
tion reserved for farms," but it has been surveyed, and the farms 
sold some two years ago ; it also includes a few of the original 
farms that were allotted to the Griquas in the first settlement of 
the country, but this people never seem to have recovered from 
being removed from Griqualand West, and they have disappeared 
from these parts. 

The basin consists of two levels, the lower one separated from 
the upper by the steep escarpment of a plateau lying a thousand 
feet above. The upper plateau and the face of the escarpment 
are deeply cut into by the streams from the mountains, and most 
wild, precipitous and narrow gorges are produced. The lower 
level is altogether different, and shows evidence that the down- 
ward sawing of the rivers had been arrested, for they take on 
most complicated bends and windings. The cause of this has 
been the horizontal dolerite sheet that traverses the strata here ; 
the rivers now have actually cut through the sheet, and the rapid 
downward erosion has commenced again ; owing, however, to 
the resistant nature of the dolcrile, these bends are perpetuated, 
and the rivers arc not able to get out of the crinkles that they 
formerly made for themselves, and in the lapse of time the com- 
plicated winding gorges will be formed which are so common 
nearer the coast, for instance, in the " Collywobbles," near 
Idutywa. 

The following farms lie in the lower level of the particular 
basin we are describing: — Part of Sibi's Location, Prospect, 
Richmond, Nuhah, The Bends, Otterbum, North Brook, Hill- 
side, Afzonderino^, N'quabo, Nahainkwe, Rochdale, and the new 
farms N'kadi, Tikatikong, CarFs Ruhe, aind New Rush. On 
the west, south-west and east the basin is cut off from the rest 
of the country by very high steep hills, whose tops were once 
in continuity with the plateau above, but the head streams of 
the Umzimvubu have cut down through the plateau and removed 
the material, so forming the basin of the lower level The hills are 
capped with an immense krantz of sandstone which belongs to 

2 
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the Red Beds ; on Kroon Hoek and Lange Punt, two farms on 
the southern side of the dividing ridge, it has afforded a good 
deaJ of coaly matter, probably existing in the form of small 
pockets. A short way up the hill-side, there is exposed an ex- 
tensive sheet of dolerite, dipping slightly to the west, but very 
irregular in its form, sometimes bifurcating into two sheets, one 
above the other, and at others undulating and forming troughs. 
The sheet is well exposed along the Little Umzimvubu, and 
seems to increase in extent and thickness southwards, towards 
New Amalfi, but it was not followed in that direction. North- 
wards, it thins out, and though a great part of the end of the 
sheet is buried in the hill-side, yet on N'Kadi and Tikatikong it 
can be traced thinning out to nothing. On Afzondering it ap- 
pears bent, and a small hill along the Little Umzimvubu is 
riddled with small dykes that come off it. Some of these dykes 
are of unusual composition. Through Afzondering, Nahainkwe, 
Rochdale and New Rush there runs a very striking double dyke 
of dolerite, in a direction 25^ N. of W., dipping 60^ to the S.W. 
The two dykes are separated by about 100 yards, and produce 
by their weathering very peculiar amphitheatres at the mouths 
of the gorges on Nahainkwe and New Rush. On Nahainkwe 
and Rochdale there is another sheet, thin and irregular, forming 
ledges a short way up the hill-sides. 

On the north side of Nahainkwe, under the dolerite sheet, 
there is a coal mine that formerly supplied coal to Kokstad and 
district, but has not been worked for some time. The follow- 
ing section taken at the mouth of the eastermost of the tw: 
drives will give some idea of the nature of the occurrence : — 

1 2. Krantz of Molteno sandstone on top. Ft In. 

1 1. Grey shales, thinly laminated and carbonaceous. 

10. Grey sandstone o i 

9. Carbonaceous shale, thinly laminated 2 11 

8. Drab sandstone, with large white mica flakes ... o 4 

7. Carbonaceous shales I 6 

6. Coal o 9 

5. Drab sandstone O 3 

4. Coal .^... .... .;; ... ;;• ■•. I O 

3. Compact carbonaceous shale, ''splint" or "tor- 

banite" i 2 

2. Laminated shale, highly carbonaceous 2 3 

I. Grey shales with much iron o 10 

Blue shales and sandstones. 

The coal is laminated and of very varying quality, but with 
hand-picking should afford a very useful coal for household 
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purposes. No. 3, however, is the most interesting occurrence 
in the mine. It forms the floor of the seam, and the coal is 
stripped off it, and the " sphnt" left behind unless the tunnel is 
too low, when the splint is easily stripped in layers. It is not a 
true coal, and not even pure enough to be torbanite or boghead 
coal, but it belongs to the same nature of mineral as the latter. 
It is apparently a mud that has become charged with carbon- 
aceous material when stagnating under the waters of a lake. As 
there seems to be a good deal of doubt as to what kind of 
mineral this is, the following description of the type occurrence 
may be useful. 

The torbanite of Linlithgow occurs associated with several 
coal seams, and with them occupies a small mineral basin about 
three square miles in area. These coal seams and the particu- 
lar bed itself are interstratified with two or three beds of fresh- 
water limestone. It yields 120 gallons of crude oil per ton, and 
has been largely used for the production of paraffin and its pro- 
ducts. It was used xmder a patent by Mr. Young in the year 
1850, and Young's paraffin oil, which gave the start to the use 
of mineral oil lamps in England, was made from it. It should 
be borne in mind that in the litigation that ensued relative to 
this mineral that it was laid down in law that it was a coal, al- 
though the bulk of the evidence went to prove that it was rather 
a bituminous shale or clay. To avoid litigation over this mineral 
in the Stormberg, therefore, clauses should be inserted when 
drawing up minmg contracts, clearly stating whether this mineral 
is included or not 

Dunn in his 1873 Report on the Stormberg Coal, mentions 
torbanite as one of the things he expects to find in the area, but 
up till then he had only found something like it between the coal 
in the seams round Molteno. Mr. H. E. R. Bright, however, 
also in 1873, in the Cape Monthly Magazine, described an occur- 
rence of such material in Basutoland in the angle between the 
Great and Little Caledon Rivers, near Maseru. Mr. Bright 
gives in the paper the following section : — 

Ft In. 

Reddish quartzose sandstone 2 O 

Shale, blue grey O 2 

Splint (i.^., the torbanite) i o 

Shale, blue-grey o 6 

Red quartzose sandstone, bed rock o 6 

The following is an analysis of the Matatiele mineral kindly 
made for the Commission by Mr. J. Lewis of the Government 
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Analytical Laboratory, compared with the analyses of similar 
minerals : — 



Moisture ... 

Volatile Organic Matter 

Fixed Carbon 

Ash 

Sulphur ... 



1-32 



II. 



3400 .^3- 



18 16 

3237 , i6*66 I 22- 

4726 I 4934 j 45- 

•89 

lOO'OO lOOOO 



III. 



! 70- 10 



IV. 



\ 



•16 



) 89-59 

I 1030 I 5-27 
1960 498 

_:■• _i-__:^L 

loooo 100-38 



Nos. I. and II. are analyses given by Mr. Bright in the paper 
above referred to of the " splint " from Basutoland, and No. III. 
is an analysis of the Torbane Hill mineral given by Davis in 
'* Earthy Minerals." No. IV. is from Joadja, New South Wales, 
and is given by Pittman in the " Mineral Resources of New South 
Wales," 1901. 

Mr Lewis reports that 100 grams of the Matatiele rock on dis- 
tillation yielded : — 

Watery distillate 3.33 grams. 

Tar 10.00 grams. 

Approximately this means 25 gallons of oil to the ton, as com- 
pared with the 120 gallons to the ton in the Torbane Hill 
mineral. The Joadja torbanite yields 130 gallons of crude oil, 
or 1 5,399 cubic feet of 48 candle gas per ton. The South Afri- 
can samples do not therefore compare favourably with those 
from other countries, but on the other hand, one must remember 
that the country in Matatiele is hardly occupied yet ; 25 years 
ago Dunn was urging that white settlers should be allowed to go 
into the country, as there was great likelihood that coal would 
be found there ; the settlers are there now, but all the prospect- 
ing has yet to be started, and there is every probability that 
better seams of coal and torbanite will ultimately be found. 

The following (No. i) is Mr. J. Lewis's analysis of the coal 
occurring on top of the torbanite : 
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II. 


Moisture 

Volatile Organic Matter ... 


1-37 
24-68 


[ 12*54 


Fixed Carbon ... 


47 53 


63 03 


Ash 


25- 10 


2442 


Sulphur 


. 1-33 


... 




lOOOO 


9999 



No. 1 1 is an average of three coals from Indwe for comparison. 
The ash is almost the same in the two cases; in the three 
samples given by Dr. Hahn (Report on Indwe Coal, Cape Town, 
1884) the ash varies from 11. 08 to 28.87 per cent 

Talking away the ash, the percentages of fixed carbon are : — 



Matatiele, 63.31. 



Indwe, 83.42. 



The Matatiele mineral is a low-grade coal, but then all the 
^tormberg coals sure low grade ; it is, however, a useful house- 
hold coal, burning freely, owing to there being a larger percen- 
tage of volatile hydrocarbons than is found in most of the others. 

Coaly seams crop out in many places throughout the dis- 
trict, and there is every possibility that larger seams and of 
better quality than the one already exploited are to be found, 
but so great is the amount of debris that covers the hill-slopes 
that the chances of striking on any such seams by the method of 
ordinary prospecting are not very great, but with extensive bor- 
nig, there is a great ueal to be expected. Certainly all the 
seams we had an opportunity of seeing were poor, and the 
character of the rocks are such as to preclude the idea of any 
great and far-spreading seams, but workable seams are sure to 
be found. The question of coal is an important one in these 
districts, as natural fuel is very scarce, and consists of a limited 
quantity of Proteas ; the inhabitants, both native and white, use 
almost exclusively the ox-droppings. The Stormberg rocks 
afford at the best a very poor and thin soil, and this systematic 
picking up of every particle of burnable material — the natives 
quarter the ground hke a hawk after its prey, and not a square 
yard is unsearched — is taking away from the soil its natural 
manure, and the consequences to the district in future years will 
be serious. 

The upper level of this basin includes the new farms, Cort's 
Retreat, Hermitage, Etchell Berg, Edward's Hope, Farewell, 
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Phelan's Brook, Robert's Vale, Joe's Luck, Ramkakala, Mount 
Fred, Harry's Gorge, Maseru, Mangalore, Tiger Valley, and 
Zureka 

The western side is formed of a high ridge, capped with white 
sandstones, belonging apparently to the Red Beds, as they are 
in a way different from the Cave Sandstone above, and from 
the Molteno Beds below. The Molteno Beds include the 
usual coarse sandstones ; in addition to the quartz, felspar, and 
white mica that can be found everywhere, there are also garnets. 
I was unable to find any of the last in si/u, but on Edward's 
Hope there is a small stream rising in the Molteno Beds, and 
entirely cut off from other formations, in the bed of which, by 
careful washing, a number of blood-red garnets were obtained. 

The shales between the sandstones are very varied, con- 
sisting of red and blue muds, sandy clays with beautiful fern 
impressions, and a little black shale. Coal occurs on this higher 
level, but no big seam has been found ; what has as yet passed 
for coal seams are the patches of lignite in the clays. In these 
latter beds one finds tree-trunks, sometimes merely blackened 
with extreme age, and retaining all the cellular structure of 
wood ; at other places the hgneous material is replaced by black 
stone, and only the external features of wood remain. On 
Edward's Hope, about a mile north of the house, along the 
stream bed, there is a bed of apple green clay, which looks glau- 
conitic, but which, under the microscope, is seen to consist of 
scales of some light greenish-brown mineral, without the sign of 
any organic remains. 

The sandstone krantzes in this part of the basin are very strik- 
ing, dividing the country into plateaux. The krantzes surround 
the plateaux with cliffs sixty to one hundred feet high that are 
scalable at only one or two points. The dolerite dykes that 
occur sparingly hereabout cut through all the beds, and form 
passages from one plateau to the other. A good instance of this 
occurs along the farms Etchell Berg, Farewell, and Hermitage, 
the dyke running E.S.E. At Robert's Vale above the house 
there are two more in about the same direction. On Manga- 
lore there are again two parallel dykes deflected more to the 
east, the more northern one forming a sharp ridge, which has 
been taken for the northern boundary of the farms Tiger Valley 
and Rochdale ; it bifurcates at the eastern beacon between 
Mangalore and Maseru to send a branch which runs nearly along 
the eastern boundary of Maseru. 

In the upper portion of Tiger Valley and Zureka there is a 
dolerite sheet about 20 ft. thick, intercalated between the Mol- 
teno Beds. It crops out on the steep slopes of the river valleys, 
and is perfectly conformable to the beds above and below. The 
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dolerite dykes cut through the sheet in the same way as they 
do the sedimentary rocks, but there are no sections where one 
might settle the question whether this is contemporaneous lava 
flow or an intrusive sheet. In extent, as far as I saw it, it was 
between four and five square miles. The same imcertainty ap- 
phes to a sheet in a still higher level, which, on the east of 
Zureka, overlies the Molteno sandstone, but in the middle of 
the farm is between the Red Beds and Cave Sandstone. This, if 
the beds were normal, would indicate an intrusive sheet, but 
knowing how irregular they are, and how difficult it is to dis- 
tinguish with certainty any of the three series, it would be un- 
safe to draw any conclusion as to the nature of the dolerite sheet 
from these considerations. There is a third mass of dolerite 
above this last sheet connected with the amygdaloidal lavas 
which we shall treat of when dealing with the Drakensberg 
amygdaloids. 

For the rest, the upper level is divided into mountain farms, 
which include portions of the actual mountains with the sweet 
veld that grows on the amydaloids and the debris washed down 
from them ; and the plateau farms, that, except for the alluvium 
along the rivers and the spare dolerite dykes, are made up of 
nigged gorges, plateaux with dangerous krantzes all round, and 
steep hill-slopes covered with immense blocks of sandstone; 
the soil is sour, with coarse grass and sugar-bush growing upon 
i*^. The Red Beds and Cave Sandstone belonging to this area will 
be described separately in the following pages. 

The second basin is a more straggling one than the last, and 
includes the head-waters of the Kenigha. This river rises on 
the east peak of the Twins, and runs eighteen miles to the east 
by south, turns sharply south for a few miles to circumvent the 
spur that shuts off its compartment under the mountains from 
the one further west, then goes west for seven miles, meets the 
Mabele, the river that drains the next compartment coming 
eastwards, and then turns again sharply south, and leaves the 
Matatiele Division in that direction. This is such an unnatural 
arrangement that one looks for a possible explanation. The 
general trend of the rivers is to the south-east. Here we have 
two rivers starting normally in the general direction, then joined 
up most unnaturally by cross courses to the south. We 
have already seen that the lower course runs in the axes of an 
anticline, and I think that there is very good evidence that the 
disarrangement of the river system was produced by these north 
and south folds which belong to the system of folding that pre- 
vails further east in Natal ; the Matatiele fold would be the most 
inland member of that system. The folding, which, it must be 
remembered, is always gentle in the east as opposed to the in- 
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tense action in the west of the Colony, must have occurred after 
the eruption of the volcanoes and after the greater portion of 
their substance had been denuded away, but it does not prove 
that all the north and south folding of the eastern part of South 
Africa was of that period. 

The second basin is naturally the area of drainage of the 
upper Kenigha. As the river runs towards the east by south it 
receives all the torrents that course down from the mountains, 
each torrent forming a little bay for itself. From west to east, 
as the Kenigha recedes from the mountain, so the bays become 
larger. The first three bays under the Twins are in Maklagala's 
country (Hlubis) ; the fourth bay contams the farms Retreat 
and Makomereng ; the fifth Glen Alfred and Deer Park ; the 
sixth, Tramore and Dell Cranney; the seventh, De Schuur, La 
Grange, and Bramwell; the eighth, Mont Plaisir, with Mafube 
Mission Station, RoUand, The Paddock, Belfort, N'Quatsha, 
Eyrie, Uplands, Rheebok*s Rust, and Woodlands ; and the ninth, 
the greater part of Sibi's Location (Basutos). The whole basin 
is self-contained, and separated from the flats around the village 
of Matatiele by a ridge of sandstone ; from the Mabele valley it 
is separated by a long spur of the Drakensberg, ending near 
Moteries Kop. This ridge has many points of interest attached 
to it; at Moteries Kop stood the old Residency where Mr. 
Brownlee was besieged in the Basuto war ; it was here also that 
the famous Matatiele meteorite was found, while further north 
there are three volcanoes. There is a good deal of white sand- 
stone on the ridge, some of which is undoubtedly Cave Sand- 
stone, and there is a very large expanse of Red Beds as well. The 
Molteno Beds in this compartment play a much less conspicuous 
part than in the first one, though they form the plateaux that 
stand out like steps to the main crest of the mountains. The 
sides of the steep river valleys are ruled, as it were, with the 
krantzes of Molteno sandstone, each Krantz following the 
contours of the slope, and exactly parallel to the one above, and 
all separated, except towards the top, by an equal interval of 
shale, of about twice the thickness of the sandstone. Above 
these come the Red Beds, with their sandstone ; then come in- 
determinate beds, and finally the chalky-looking Cave Sand- 
stone, in immense solid banks. 

The following section will make clear the relationship of the 
various members of the Stormberg Beds. It is taken from the 
eastern part of Deer Park : — 
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Cave Sandstone, 
132 ft.* 



Red Beds, 
200 ft. 



Molteno Beds, 
about l^OUO ft. 
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Massive white sandstone 

Laminated white sandstone 

Massive white sandstone 

Red marl (elsewhere massive sand- 

I stone) 

1^ Massive white sandstone ... 
f Red clay with three thin sandstone 
j beds towards the base 

^ Massive white sandstone ... 
I Red clay with occasional bed of 
l^ sandstone 

1. Massive sandstone, glittering and 
weathering black ... 

Grey-blue clays* and shales 

2. Massive glittering sandstone ... 
(irey-blue clays and shales 

ii. Massive glittering sandstone ... 

Grey-blue clays and shales 
4. Massive glittering sandstone ... 

Clays and shales 
o. Massive glittering sandttone ... 

Clays and shales 
(]. Sandstone 

Clays and shales 
7. Sandstone 

Clays and shales ... ... — 

No fossils were obtained from the Stormoerrr Beds in this basin, 
the sides of the hills are covered with fallen blocks of sandstone, 
and the river-courses are generally lined with debris from the 
mountains, consisting of coarse gravel, made up of amygdaloid 
boulders, so that a section suitable for looking for fossils is rarely 
afforded. 

There are a few dolerite dykes in this part of the country, one 
very long one crosses over from Basutoland and runs south-east 
through the north-east side of Belfort and through The Pad- 
dock. On Glen Alfred there is another small one, trending S.S.E. 
These two, with the ones in the basin first described, seem to 
radiate from an area of disturbance in Basutoland, for if the lines 
of the dykes be produced, they all meet within a mile of each 
other, along the Orange River, north of the western peak on 
Makomereng. On Retreat there are three dykes running 
parallel to each other in an east and west direction. The central 



12 


hi 


18 


JJ 


12 


55 


60 


55 


30 


55 


90 


55 


20 


55 


90 


55 


25 


55 


60 


55 


20 


55 


40 


55 


20 


55 


40 


55 


20 


55 


■40 


55 


20 


55 


■10 


55 


20 


55 


40 


55 


20 


99 



* Mr. Dunn, in the Stoi inbciii ^I'^a, gives the following thickness for the 
various beds .—Cave Sandstone, 150 feet ; Red Bed«<, 600 feet ; Molteno Beds, 
1,000 feet. Report on the Stormberg Coal Fields, Cape Town, 1878, p. 4. 



Digitized by 



Google 



28 

one is very unusual in character, for the northern walls shows 
intense crumpling. The dolerite has sent off Uttle dykes be- 
tween the sedimentary rocks, and on the other hand, the dolerite 
has evidently torn off pieces of the wall, and included them in its 
substance. These bits are now turned to porcellanised shales, 
with cracks filled in with quartz and calcite. On the south side 
of the dyke the rock is compact and intensely tough. On the 
contact with the south wall, there is evidence in the form of 
slicken-sides of a rubbing motion having occurred, and of the two 
iides having opened gradually, for minerals are deposited be- 
tween. Owing to the peculiar form this manner of deposition 
has induced in the minerals, making them appear at first sight to 
be fibrous, the deposit is locally known as Asbestos ; the minerals 
seem to be calcium and strontium carbonates. Other than this, 
there is no sign of anything abnormal on the south side of this 
dyke. I am incHned to think that the tearing and crumpling 
that has gone on on the north side is evidence that there was a 
free exit for the rising magma at the surface of the ground, which 
allowed an explosive action to take place. 

The third basin is entirely in Native hands, comprising N'kau's 
and George Moshesh^s Locations (Basutos). Most of the spurs 
are made of Red Beds or Cave Sandstone, and the Molteno 
Beds only enter into the southern parts of these ridges. A 
great part of the Molteno Beds also is covered with alluvium, 
so that these appear less even in extent than they are. In the 
fourth basin, drained by the upper reaches of the Mabele River, 
the Molteno Beds do not appear at all, the country being made 
up of Red Beds, Cave Sandstone, and amygdaloid. 

Turning away from the mountains, the whole country is com- 
posed of Molteno Beds, always with a few dykes and intrusive 
sheets of dolerite to save the veld from universal sourness. The 
dolerite begins feebly in the west, but there are considerable 
quantities near Matatiele, especially in the mountain behind the 
village. The peculiarity of these sheets and dykes is the irregu- 
lar course of both ; a sheet crops out at half a dozen different 
levels, and at no one of them is it of any great extent ; dykes run 
for a short distance, and end abruptly or expand into knobs. This 
is quite different from the mode of occurrence of the Karroo 
dolerites, that with their sheets cover thousands of square miles 
with very Httle variation in level or thickness, and the dykes 
are always definite off -shoots of a sheet or have a long course of 
their own. And it is quite different, also, from the way the lac- 
colites are intruded further south. A peculiar horseshoe-shaped 
dyke occurs on the farm Upsala, which is described petrographi- 
cally at the end (slide No. 953), but it is here interesting to note 
that these annular dykes are not infrequent (see Dunn, Report on 
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Stormberg Coalfield, 1878, p. 15). Further east, there is a very 
large area of dolerite in immense sheets, but the survey was not 
carried over the area sufficiently widely to allow one to get an 
idea of its bearing on the structural geology of the district. 

There is a surface deposit that is found on the Stormberg 
area that is of great interest. It is the same as some forms of 
so-called laterite, such as one gets further south on the coast 
plateau, and is familiar to people in Cape Town as the " saar- 
verig'" or ironstone gravel that is used for the roads on the 
Cape Flats. This deposit, however, is not like laterite in the 
way it forms. It occurs in thick beds, looking like cindery slag, 
with rounded brown knobs and hollow spaces filled in with 
yellow oxide ; it is usually taken to be volcanic. It is formed in 
the same way as that at the Caledon Springs, where water 
charged with iron salts oozes through the rocks and evaporates, 
leaving the hydrated oxide of iron behind. In Matatiele, where 
one finds the deposit, the soil is very sour, for instance, on the 
west of Mafube Mission Station, and by the vley on Alwinrein. 
It appears necessary for the precipitation of the material that 
the water containing the salts in solution should come in con- 
tact with organic acids. Acidity in the soil is due to want of 
aeration, and occurs mostly in soils that become water-logged, 
sc that it may be only accidental that the sour veld is found at the 
same places as the ironstone gravel. For some obscure reason 
it has been taken to be a sure indication of coal, and ideas of this 
sort that have grown locally are exceedingly difficult to combat* 

The Red Beds and Cave Sandstone were defined by 
Dunn, the author of the terms, as follows : 

ave Sandstone. — Buff coloured, pinkish, greenish white and 
grey, fine-grained, thick-bedded sand- 
stone. 
Red Beds. — Friable and arenaceous shale ; do. sandstone, 
mottled green, alternating with grey 
felspathic sandstone. 

In Matatiele I had great difficulty in making a division be- 
tween the two, because their characters change so very often 
and the relative thickness of each also varies. Normally the 
Cave Sandstone in this district consists of massive white sand- 
stone, more like a trachyte tuff than an ordinary sediment ; under 
the microscope, however, it shows grains of microcline. The Red 



* See the description of the same kind of deposit which forms under sandy 
soil in Wolmer "forest," Gilbert White, The Natural History of Selbourne, 
h4 etter iv., ist Series. 
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Beds are distinguished by the red clay, which predominates every- 
where, and in this district by a bed of sandstone in the centre, 
which is not as chalky-looking as the Cave Sandstone, yet not as 
crystalline as the Molteno sandstone. The chalky appearance of 
the Cave Sandstone is due to the nature of the quartz grains, 
which are irregular, rounded grains, with a rough surface; in 
the Molteno Beds the grains, on the contrary, if not actually 
crystals, are in miniature water-worn pebbles of quartz, and this 
bed in the Red Beds is midway between the two varieties, that 
is to say, between " glittering " and " chalky." The Cave Sand- 
stone is sometimes replaced by red clay, often mottled with 
gTeen, or alternating with light blue clay. The percentage of 
quartz grains in this rock is enough to make it a sandstone, but 
iis surface features are those of a hardenea clay. 

I give below some analyses kindly made for me by Mr. J. 
Lewis, of the Government Analytical Laboratory. No. I. is 
Cave Scmdstone, from N'Quatsha's Nek. No. II. is a light 
greenish blue sandstone, from the Red Beds below the last. No. 
III. is a typical sample of the red clay that occurs in the Red 
Beds and Cave Sandstone ; the specimen comes from the ridge 
on the west of the western kloof on Glen Alfred, and replaces 
Cave Sandstone: — 



Silica 

Calcium oxide 
Sodium oxide 
Potassium oxide 



I. 


II. 


III. 


83-52 


77.27. 


7404 


.67 


2-33 


2.28 


1-55 


2.10 


3-04 


1-44 


2.58 


2.36 



Takiiig No. I., and calculating the amount of felspar the Cal- 
cium, Sodium, and Potassium oxides represent, supposing that 
there is an orthoclase present with a Potassium-Sodium ratio of 
14.4/3, and that the plagioclase is an oligoclase with a ratio 
Ab/An of 4/1, one gets: — 

Orthoclase 10 per cent. 

Oligoclase 13.3 

Kaolin 13.9 „ 

Free quartz 62.8 „ 

ICX).0 
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which gives a calculated composition for remaining constituents 

as follows: — 

Silica 83.52 per cent. 

Calcium oxide .67 

Sodium oxide 1.55 „ 

Potassium oxide 1.44 „ 

Aluminium oxide in the felspars 5.06 „ 

Aluminium oxide in the clay ... 5.04 „ 

Water in the clay 2.72 „ 



100.00 

This analysis shows at once that the silica content is too high 
for the rock to be a tuff of the kind its texture would lead one to 
expect. The rock is a felspathic sandstone, though the felspar 
rises to nearly a quarter of the whole amount, and if one adds 
the kaolin, which is decomposed felspar, it amounts to one-third 

The Cave Sandstone may be one of two things, either the 
consolidated detritus of a granite region, or it may be the result 
of the accumulation of material blown out of the vents of the 
volcanoes, and derived from the shattering of rocks deep down 
in the earth's crust, and below the region of the later sedimen- 
tary rocks. The fact that the material plugging up the necks 
is identical in nature with the Cave Sandstone, even to the 
presence of the minute accessory minerals, especially zircon, is 
strongly in favour of the latter view, We shall see presently 
that there is good evidence that the last stage of some of the 
volcanoes was certainly explosive, and if we adopt the view that 
the Cave Sandstone is also the result of the same action, we 
must conclude that in Matatiele the initial stages were, con- 
fined to clearing and enlarging the vents for the subsequent 
flows of lava The least depth at which the pre-Cape or 
granitic rocks can exist below the Cave Sandstone is 10,000 
feet, but the great amount of felspar in the Cave Sandstone 
indicates that the vents must traverse the pre-Cape and granite 
rocks for a greater distance than this. 

Nos. II. and III. are remarkable owing to their large alkali 
content, that of Potassium in particular. They have, in this 
respect, more the composition of an andesite than of a sedi- 
mentary rock. No. III. effervesces slightly with acid, so that 
some of the calcium is in the form of carbonate, which in thin 
sections of the rock is seen to occur as a cement to the grains. 

The analysis of these rocks is in favour of the conclusion that 
the Cave Sandstone and Red Beds are made up of materials that 
in part at least, owe their origin to the volcanic outbursts. Many 
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of the necks are filled i < with material, evidently the same 
as the Cave Sandstone, yet having in itself nothing to do with 
volcanoes. In the volcanic regions of Shetland, Firth of Forth, 
the Eifel in Germany, and many other places, there are similar 
necks filled in with non-volcanic rocks, but in most cases there 
are volcanic tuffs accompanying them ; these were small vents 
which stopped working in a very early stage of their existence ; 
some of them never even poured out a single stream of lava. 
The composition of the rock in the necks is explained by the 
purely explosive action in the vent, sometimes blowing through 
molten rock and producing tuff, at other times simply blowing 
a hole through the sedimentary rocks and filling the neck with 
the shattered materials. 

Dunn found in the Stormberg area that in the Coal Measures 
^olteno Beds), apart from the Red Beds, that there were no red 
or blue coloured rocks, but I found in Matatielc that the red and 
blue clays were equally well developed in the Molteno Beds, as in 
the series above. 

Organic remains are very scarce in these beds, though they 
occur plentifully in other places in the neighbourhood.* Dunn 
found reptilian bones in both Cave Sandstone and Red Beds. 
I was only able to obtain them from one locality in the latter 
series. This was at Makomereng, both on the east and west 
sides of the stream. On the west side there is a ridge running 
south, which near the mountains is capped with amygdaloid and 
Cave Sandstone, but the terminal portion consists of Red Beds ; 
at the end there is a kopje crowned with the Red Beds sand- 
stone, and between it and the rest of the ridge there is a nek in 
the red clay of the series ; sparingly distributed through the clay 
there are numerous detached bones, but as the rock splits up into 
fragments on the surface, there is very little hope of getting 
anything very satisfactory from the beds. Above the house on 
Makomereng, on the east of the stream, there is a similar 
arrangement of the beds, and beneath the sandstone krantz 
there is a small cave, on the floor of which was exposed some 
bones, which proved to be the foot of some large animal. The 
tibia, some of the tarsal bones and all the metatarsals and 
phalanges were present. The rock is exceedingly tough and 
difficult to work with a pick, and one can do very little with ham- 
mer and chisels, as only small bits can be got out at a time. The 
animal has been gradually weathering out, and for some years 
past bits of it have been obtained and distributed. There are 
small bits of charred wood along with the bones. 



• Basutoland, Long, Scientific African, Cape Town, April, i8q6 ; Nelson's 
Kop, Harrismith, O.K.C., Anderson, ist Ann. Kept., Natal, igoi, p. 89 ; Dunn, 
Report on the Stormberg Coal-fields, Cape Town, 1878. • 
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On the east side of Eyrie, in the Cave Sandstone, there are 
some indistinct remziins that look as if they might be organic ; 
these consist of little tubes with a central style and septa, like in 
an Orlhoceras^, but much too irregular to be the remains of that 
animal 

On Ramkakala in the Red Beds there were some peculiar for- 
mations that one would take at first sight for bones. They con- 
sist of a hard outer siliceous wall and an interior medullary 
tissue, but the tissue is far too irregular for bony tissue ; possibly 
they are bits of wood that have been charred and siliceous ma- 
terial has run in and filled in the cracks ; afterwards the charred 
material in course of time disappeared 

The distribution of the Red Beds and Cave Sandstone follows 
the distribution of the volcanic vents in the Drakensberg ; where 
the latter are present, there is the greatest development of Cave 
Sandstone ; where the volcanic vents are absent the Cave 
Sandstone becomes irregular or absent, and the Red Beds take 
its place. 

Between Mount Fred and Ramkakala there is a stretch of hill- 
side with no Cave Sandstone, but from the farm Maseru east- 
wards this bed begins again, at first only thin, but broadening 
out on Zureka, and continuing eastwards into the Inhlangwini 
Location. From Belfort to Zureka no volcanic vents were ob- 
served, and this corresponds with the thinning out of the Cave 
Sandstone. Whether the peculiar rocks on the crest of the 
Drakensberg at Zureka represent a volcano, I was unable to 
make sure, but am inclined to regard them as outbursts from a 
volcano on the Basutoland side ; at any rate there are agglome- 
rates and lava-flows, which would lead one to infer the near pre- 
sence of a volcano, and with this re-appearance of volcanic ac- 
tivity one gets the Cave Sandstone coming in again. Under 
the eastern peak on Zureka the Cave Sandstone contains vol- 
canic ejectamenta such as small fragments of amygdaloid lavas 
and melaphyre. The Red Beds are very confusedly developed 
in this area, that is, between Ramkakala and Zureka, The red 
clay is very conspicuous, and there are many thin bands of white 
tc^ buish-grey sandstone ; sometimes there are beds of brown 
sandstone with quartz crystals forming a sufficient percentage to 
make the rock glitter brilliantly. On the eastern part of Zureka 
there are pink sandstones in among the darker clays like those 
which Dunn describe in the Stormberg. On Ramkakala there is 
a basin under the mountains cut across on the south by a large 
east and west dyke. The whole of the farm practically is in 
Red Beds. Here for the first time going westwards one en- 
counters the true Red Beds sandstone, which forms a massive 
white krantz that runs round the sides of the basin, form- 

[G. 6—1903] D 
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ing an impassible barrier; the only way of getting at this 
farm from below is by means of a path round the side 
of a dolerite dyke. The sandstone is here 50 to 60 feet thick, 
and below it there are caves of considerable extent. On the 
west side of Ramkakala under Rankakata's Nek there are two 
lenticular patches of Cave Sandstone between the Red Beds and 
the amygdaloid. 

From Rankakata's Nek there is a great spur of hills running 
south ; most of it covered with white chalk-like sandstone, which 
is very like the Cave Sandstone. It occurs in immense slabs 
and caps, and is only to be distinguished from the upper series 
by a more gritty nature and by its being more bedded and alter- 
nating with red or blue clays. Higher up under the mountains 
the unmistakeable Cave Sandstone is encountered, and the white 
chalk-like sandstone on the spur must be relegated to the Red 
Beds. On Woodlands there is an east and west trough or rift- 
fault letting down a narrow strip of Cave Sandstone into the Red 
Beds ; this strip of massive sandstone has weathered at one place 
into an enormous monohth which forms a conspicuous object at 
the head of the kloof. This spur is continued as far as Kroon 
Hoek and Lange Punt, and separates the head-waters of the 
Little Umzimvubu from the tributaries of the Kenigha. Where 
the Red Beds sandstone has been removed on the ridge, the 
underlying red clays weather to a rich chocolate soil, which is 
covered with native mealie lands, showing that the soil on the 
Red Beds is far more fertile than that on the Molteno Beds 
below. 

Westwards of Woodlands, the Red Beds form merely a transi- 
tion between the Molteno Beds and the Cave Sandstone ; the 
last contains here a great deal of blue and red shale, and sandy 
clay, so that it is not easy to distinguish the Red Beds as separate 
from the Molteno Beds, and it is not till one comes to Deer 
Park that the Red Beds become again a distinct series. The 
Cave Sandstone is very strongly developed here, and coincidently 
there are volcanic necks in large numbers. On the west of 
Eyrie the Cave Sandstone forms a high plateau under the final 
slopes of the Drakensberg, and is cut into the most fantastic 
shapes where it faces a lower level. Near Eyrie volcano there 
is a small dyke of dolerite traversing the rock in a north-west 
direction, and along the side of the dyke there is a row of six 
monoliths of Cave Sandstone resembling a set of gigantic 
pepper-pots. The rock frequently assumes this form, as for 
instance on the N'Quatsha's Nek road, where several series of 
these monoliths can be seen. In the Cave Sandstone on Eyrie 
there are two caps of dolerite which form two conical hills. Be- 
hind these there there are signs of folding and crushing in the 
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Cave Sandstone. These can be particularly well seen on going 
a short way down the creek that heads near the Basutoland gate 
at N'Quatsha's Nek, and though one can see beds standing verti- 
cally, and sweeping synchnes that should throw down great 
masses of Cave Sandstone to the level of the Molteno Beds, 
there is no evidence of any disturbance having taken place out- 
side the Cave Sandstone. The folding aiso, when one comes to 
examine it carefully, is inconsequent ; a sharp fold, for instance, 
with vertical limbs is seen running diagonally across the axis of 
a genue syncline which shows no effects of the cross-folding. 
I believe the appearances now seen are not due to earth move- 
ments, but may be explained by disturbances of the sediment 
soon after deposition by strong currents or earthquakes. Along 
the N'Quatsha*s Nek road there are a number of caves in the 
sandstone, some of them with characteristic Bushman paintings. 
At one of these, on the farm Bramwell, there is a remarkable 
collection of all the hard rocks to be found in the neighbourhood, 
gathered to make arrow heads by the Bushmen; they mostly 
come from the amygdules in the lavas or from rocks porcellan- 
ised by them. At this place also there are a few agates formed 
in cavities in the sandstone itself, which, though common in 
trachyte tuffs, are unknown from true sandstones 

There are two N'Quatsha's Neks, both on Cave Sandstone and 
formed by the removal of the amygdaloid from the crest of the 
mountains. The western nek has some very remarkably 
shaped rocks at the top, one immense square block crowns the 
nek, and on the north side there is an equally curious mushroom- 
shaped block. 

To the east of the nek, on the south side, a very good section 
is shown (see p. 26) in which some hundred feet of the usually 
soft white sandstone is replaced by Red Clay. The same thing 
happens on the ridge between Deer Park and Glen Alfred, 
where there is an outstanding little kopje on the Cave Sand- 
stone plateau crowned by dark red clay or clay-sandstone, parts 
of which are spotted with green ; below is a softer, light blue 
material. I searched this place carefully for organic remains, 
but found no trace of them. 

At Makomereng the hill-slopes become very steep and the 
water channels correspondingly deep and narrow, almost caflon 
like. The Cave Sandstone is cut into lone narrow strips, and 
presents a very remarkable appearance, beings brilliantly white 
and in solid unbedded krantzes 100 to 300 feet thick, capped 
with dark amygdaloid. 

On Tramore, Glen Alfred and Makomereng there are three 
isolated hills capped with the Red Beds sandstone forming^ th( 
ends of ridges that come south from the mountains. On Retreat 

D 2 



Digitized by 



Google 



36 

the red clay beneath the sandstone is fossiliferous, as mentioned 
above. On the south side of the Kenigha River there is a long 
ridge coming south-east from the high mountain peak called the 
Twins ; it is capped for the most part with the Red Beds sand- 
stone, and beneath, the red clay with purple and blue bands is 
well developea, both on the north and soutn sides of the ndge. 
The ridge is covered with mealie lands, so that the Red Beds 
must disintegrate into better soil than the Molteno Beds. (See 
Analysis, No. III., p. 29). South of Retreat there are three 
volcanoes, and round them there is a large development of typical 
Cave Sandstone. 

Beyond the Twins, in George Moshesh's Country, there is a 
great Horizontal development of the Cave Sandstone and Red 
Beds, spurs made of these rocks stretch out far away from the 
mountains. This is due to two causes, firstly, the level of the 
Red Beds and Cave Sandstone is lower in the west than in the 
east, that is to say, there is a slight dip to the west, and also, the 
level of the plain rises. At the Trappist's Mission Station, 
Mariazell, the Cave Sandstone is nearly on a level with the river 
Jordan, and to the north of the Mission House there are some 
splendid columns of rock, 80 to 100 feet high, and about 20 feet 
in diameter. 

Round the York volcano there are again exposures of Cav.* 
Sandstone, one great overhanging ledge 60 feet high runs back 
up the narrow kloof on the east side. Further up the kloof the 
usual white chalky rock gives place to a series of sandstones and 
shales similar in character to the Molteno Beds, but over the 
other side of the ridge, in the first river in the Mount Fletcher 
Division, the rocks show one united mass of Cave Sandstone 
again. 

Close to York House there are two or three little beds of Cave 
Sandstone caught up in the amygdaloid, or perhaps deposited 
contemporaneously with it. nlong the road, also, there is a 
patch of beds that should normally belong to the Cave Sand- 
stone, but which are very peculiar. The section exposed along 
the road, going upwards, is as follows : — 

4. White chalk-like sandstone. 

3. Agglomerate, hard bedded rock. 

2. White and brown, fine-grained, compact sandstone. 

I. White chalk-like sandstone, which gives place higher up 
to blue sandy clays, with hard nodules, septaria with 
calcite, and balls with brown earthy centres. 

No. 2 has at one place a thin-bedded flaggy character, the 
lowermost bed shows the rounded cross rippling that is fre- 
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quently seen in the Bokkeveld Beds, cind which has the appear- 
ance of rolls of soft putty laid zig-zag on a flat surface and al- 
lowed to settle down ; at other places, again, there is a thin layer 
of sandstone a quarter inch thick, which can be stripped off the 
beds above ; this shows curious dragging marks, as if some float- 
infy material had been driven along, and had just touched the 
bottom, so that it scraped the surface of the mud ; afterwards the 
fine sand deposited upon it took the impress of these marks. 

Further up the cutting there are some good examples of flat- 
topped dykes of dolerite ; they occur in the blue clay which has 
turned to a hard rock near the contact. The white sandstone 
in one particular instance has stopped the up-flow of the dyke, 
but has been bent upwards by it ; this indicates that the dolerite 
must have exerted considerable pressure upwards. The dolerite 
is much decomposed, and weathers spheroidally. 

To the south of the Mabele River it would be hard to say 
whether the rocKs on the ridge separating the valley from the 
Mount Fletcher Division beionged to the Cave Sandstone or 
Red Beds. There is a barbed wire fence running along the 
top of the ridge, to separate the Matatiele from Mount Fletcher 
Division, and tne gate on Hilda Heath is between two hills made 
of white chalk-like sandstone that would be taken by most for 
Cave Sandstone. Further aJong, however, on the same level, 
especially on the Moiketse Location, there are red clays that one 
would be inclined to ascribe to the Red Beds. At Bessdale or 
Bertievale the rocks of the Molteno stage come up to the top of 
the ridge. 



The Volcanoes of Matatiele. 



Lying on the above described sedimentary rocks there is a 
series of lava-flows that form the crest of the Drakensberg range. 
These lavas have been traced to a number of vents which occur 
in the Matatiele Division south of the mountains. Most of 
these are rounded pipes now filled in with agglomerate or dole- 
rite, but one form is dyke-hke, and though there is some doubt 
as to its exact nature, there is very good reason to believe that 
"*. was an actual fissure of eruption. Short petrographical des- 
V iptions of the rocks will be found at the end. 

The following is a list of the volcanoes from east to west : — 
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On Eyrie: one volcano, No. i. 

On N'Quatsha : two volcanoes, Nos. 2, 3. 

On Deer Park : three volcanoes, Nos. 4, 5, 6. 

On Glen Alfred : three small volcanoes, Nos. 7, 8, and 9. 

In Tsita Moshesh*s Country: three volcanoes, Nos. 10, 11, 

and 12. 
In George Moshesh's Country: six volcanoes, Nos. 13, 14, 

15, 16, 17, 18. 
On York : one volcano, No. 19. 

There may be some that I missed, but these cannot be very 
many. Three or four doubtful ones I have not counted, but the 
rest are well established. 

No. I. — This volcano occurs on the east of the main river that 
flows through the farm Eyrie. It is a funnel-shaped mass of 
white tuff and dolerite, of which the western half is eroded away. 
The valley is very steep and narrow, the height from the top of 
the ridge to the river-bed being about 300 feet. The actual 
bed of the river is in the Red Beds, and on the east bank there 
are blue clays and sandstones, the latter, when exposed on the 
hill-sides are white, but here, being unweathered, are also blue. 
Above the ordinary sedimentary beds on the east side of the 
ravine come white tuffs, with pellets of pink, blue, and yellow 
clay. The tuff, as is so commonly the case with the material 
filling these Matatiele pipes, is largely composed of quartz 
grains. To prove that this is really a volcanic pipe, we have the 
fact that the tuff occupies a vertical space in the horizontally 
bedded rocks, and contains angular fragments, and is traversed 
by dykes of lava. Higher up the kloof side on the east, the 
pipe is filled with dolerite, and on the top there are two beds of 
amygdaloid dipping in towards the centre of the pipe at an angle 
of 20^ and separated by a layer of white sandstope like the Cave 
Sandstone, which is partly fused to a hard grey quartzite ; on 
the west of the kloof there are two thick caps of dolerite which 
may be remnants of the flow of dolerite that came from the pipe, 
and of which there is still a quantity in the vent. 

No. 2. — Is very similar to No. i. It occurs north of the fork 
of the main stream on the farm N'Quatsha. 

The sides of the kloof are very steep, and there is a good sec- 
tion showing the vertical pipe traversing the horizontal beds. 
The tuff is a perfect store-house of varieties of rock of the dole- 
rite type, crystalline or glassy, compact or vesicular. There is 
a number of large masses of red clay in the white tuff, some- 
times showing regular bedding, inchned at moderate angles to 
the horizontal. Such large blocks cannot have been ejected 
and fallen back into the vent, but indicate rather that the wall 
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of the pipe collapsed* In the north-west and north-east there 
are large caps of dolerite which may have come up from the vent 
or may be still parts of the flow from No. i. There is no great 
mass of dolerite in No. 2, only ledges and dykes of that rock ap- 
pear through the agglomerate. 

No. 3. — Is entirely an agglomerate neck. It occurs at the head 
of the valley in which the Belfort shop is situated. The old 
road used lo pass over it, but the present one goes a little way to 
the west of it The agglomerate is dark purple in colour with 
a great number of blue and pink clay-pellets in it. 
The larjger inclusions are mostly rounded lumps of 
amygdaloid or diabase, but a certain proportion are of sedi- 
mentary origin, and include limestone, which is not known in 
the surface rocks, of the district. The rock round the vent is 
Cave Sandstone, and the dark agglomerate, thickly packed with 
dark coloured boulders, forms a striking contrast to the horizon- 
tal, brilliantly white sandstones. 

No. 4. — Is situated to the west of the western nek of N'Quat- 
sha. It is the only one that occurs in the line of the mountain 
crests in the Matatiele district. It is a very conspicuous object 
from afar, owing to the Liberty-cap shaped mziss of dolerite that 
crowns the hill. The dolerite forms a central plug to the vol- 
cano, and very nearly fills the cavity, oniy a httle agglomerate 
occurring on the north side. The dolerite is columnar, but the 
columns are all spht transversely into wedge-shaped segments, 
with curved sides. Sir A. Geikie describes a similar occurrence 
at Largo Law, in Fifeshire, as like " peats stacked for dr\dng."t 
The columns converge slightly upwards, or normal to the base 
they rest upon, which must, therefore, be funnel-shaped Round 
the rim of the dolerite, except on the north side, there are great 
blocks of Cave Sandstone, forming a broken ring. The inside 
of the ring of the sandstone is carved into grooves as if a great 
gouge had been forced up the chimney of the volcano ; I was 
not able to satisfy myself whether these had been produced by 
the up-rushing material or whether they were only peculiarities 
of weathering. 

The rim of sandstone is breached on the north side, and 
there are flows of lava connecting the pipe with the amygdaloids 
of the crest of the mountains, but owing to the exposed position 



* A most interesting parallel case is that of the volcanic neck of Newark 
Dove-cot, St. Monan's, given in Sir A. Geikie's recently published *' Geology of 
Eastern Fife," Mem. Geol. Survey of Scotland, igo2, p. 236. The neck is 60 
yards in length by 37 in breadth, and is filled in with an agglomerate of shale, 
limestone, ironstone and sandstone imbedded in a greenish tuff. Large blocks 
of strata, with all their component layers still adhering to one another, may be 
seen in the agglomerate, one mass measuring 24 yards by 7 yards. 

t Mem. Geol. Survey of Scotland, 1902, p. 260. 
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of the hill, with the consequent deep weathering of the rocks, 
and to the grass also that covers everything, the lava flow is 
much hidden, but enough is shown to enable one to make out 
that the lava of the Drakensberg did come out of this pipe. 

Half-way between the peak and the Drakensberg crest there is 
a pile of lavas very well exposed. The flows represented 
there average two feet in thickness, and many of the intercalated 
flows are much less. They are all highly vesicular, and the 
lower part of them is occupied by the peculiar pipe-vesicles now 
filled in with calcite, various zeolites, or chalcedony, and opal. 
The flows occur in regular series, with thin lenticles in be- 
tween two consecutive ones. The second flow is in part 
weathered off the first, leaving the surface of the latter exposed 
on a shelf about three feet wide and four or five yards long. The 
surface shows the unmistakable ropy surface which is found on 
lava streams when they flow slowly. The largest ropes are an 
inch and a half in diameter, and all sizes downwards can be 
found The surface of the rope is usually smooth, sometimes 
ribbed, but shows no scoriaceous coating ; the ropes curve and 
twist about, but the general direction on the surface exposed is 
N.N.W., and pointing directly away from the vent. The rock 
composing the flows is the ordinary melaphyre more or less vesi- 
cular ; the ropes consist of the same material, but with very few 
amygdules, and these are filled in with a dark greenish mineral. 

Quite different is the cr>'stalline dolerite of the main plug. 
This rock was not seen in the Drakensberg in the neighbour- 
hood, but to the south-east there is a ridge of hills capped with 
columnar dolerite of the same type as that of the plug. The 
dolerite lies a little lower than the level of the volcanoes, and it 
is probable that the dolerite here was poured out from the vent 
and formed a large flow to the south-east. If this is the case, 
as the plug must have been the last outburst from the volcano, 
and as the dolerite hes on sedimentary beds and therefore be- 
longs to the earliest stages of the volcanic activity in the district, 
the whole volcano must have had a short life, and after commenc- 
ing among the earliest, got buried up in the lavas poured over it 
from the neighbouring volcanoes. The dolerite on the hills lies 
from two to three miles distant from the vent, and is in places 
200 feet thick. It will be seen, however, in the petrologicsd part 
which follows, that all the volcanic lavas are so similar in natuic 
that no safe argument can be based on the apparent resemblance 
01 two rocks separated by any conside^-able interval. 

Nos. 5, 6, 7, 8, 9, form with No. 4 a line inclined about 60° to 
the general trend of the volcanoes. 

No. 5. — Is a very large pipe, traversed by the western stream of 
Deer Park a little above where it joins the eastern stream. It 
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is about 400 yards across, but the limits, except on the north 
side, are uncertain owing to the amount of debris. On the 
north side the stream lias cut its bed between the agglomerate 
neck and the Molteno Sandstone, leaving the former to stand 
up as a cylinder. The sandstone dips in towards the pipe, as 
if the material, in falling back, had dreigged the sides of the 
chimney with it. The same thing is seen on the east, where 
the road crosses from the agglomerate to the sandstone, and the 
sloping surface of the latter forms cUi inclined plane which carts 
have to negotiate in getting from one side of the farm to the 
other. The western side of the pipe is covered with dolerite 
debris, so that apparently there is a small dyke in this part. The 
matrix of the agglomerate is white sand, and the inclusions are 
very largely made up of fragments of semdstones ; vesicular 
lavas and dolentes are also present. On the outer edge of the 
pipe the boulders are very large, many running to over three feet 
in diameter ; these are well seen at the drift and by the small 
bathing pool a little higher up. In the centre the inclusions are 
quite small, only an inch or two in diameter. The inclusions 
may be completely rounded, sub-angular, or quite angular. 
Among the fragments in the centre of the neck there are some 
small bits of charcoal, which at first sight seems to be an extra- 
ordinary thing to find in a volcanic pipe, but a quite possible ex- 
planation can be got if one supposes that there had been a 
period of rest before the final outburst, and that trees not only 
cc'vered the hill-slopes, but also grew in the crater itself ; then, 
when the volcano started playing, these got torn off by the up- 
rush of ashes, and bits of them fell back wiu^ tne ejected material 
into the pipe. 

Nos. 6 and 7. — Occur in the ridge on the west of the valley in 
which No. 5 is. They are very much smaller than the ones 
hitherto mentioned, being only some 1 5 to 20 yards across, and 
might be called spiracles rather than volcanoes. The pipes are 
filled with white and blue tuff, with rounded or angular frag- 
ments of sandstone, red and blue clay, and igneous rocks ; in 
both there is also a dyke of dolerite. 

Nos. 8 and 9. — Are still smaller than the last, being, in fact, 
mere spiracles, only 6 and 4 yards across. They occur on the 
same ridge, and are filled up with green sand, and with 
fragments of dolerite, diabase, and amygdaloidal rocks, with 
bits of sandstone. A large portion of the vents is filled with a 
hard flinty rock, green on fracture when fresh, but weathering 
into a whity brown coat like an ordinary sandstone. It has 
peculiar hollows in it, and the bedding runs in curved lines like 
the flow-structure in rhyolites : the rock is a tuff silicified. They 
are each penetrated by a coarse dolerite 3yke, and there is also 
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a semi-circular dyke of this latter material beyond No. 9, on the 
same ridge, which marks the southern limit of the eruptive ac- 
tivity along this line. The next group of three vents in Tsita 
Moshesh's country, however, lies practically on a continuation 
of this line. 

Nos. 10, II, and 12. — Are surrounded by Cave Sandstone which 
occurs in an isolated mass on the hills south of the Kenigha 
River, and opposite the shop on Retreat (Makomereng). Nos. 
10 and II occur in the face of the cliff overlooking the valley 
of the Kenigha. There is a prosperous Basuto village just be- 
low them, and the pathway up the hill-side goes across them. 
They are very noticeable, as the Cave Sandstone is, as usual, 
chalky white, and in this there are the bright red patches de- 
rived from the weathering of the agglomerate. The latter is 
very much decomposed, and consists of a yellow gravel with 
pebbles of dolerite, sandstone and shale. In places it is a hard 
greenish siliceous rock. These two are comparatively small, 
the eastern one 'being about 20 yards across, and the western 
half as large. On going on the top of the hill one comes to a 
deep valley flowing south, with a small but persistent dyke of 
dolerite running across from east to west, and dipping south at 
a high angle. The stream is only a small one, but the ground 
about it is very marshy, and holes 1 5 to 20 feet deep occur un- 
expectedly along its course ; it is these holes that supply the eels 
that are caught in the district. A short way down there is a 
tributary that comes in from the east, and at the junction of it 
with the main stream there is a large pipe of agglomerate about 
40 yards across. It consists of a hard green silicified tuff with 
volcanic and sedimentary rocks embedded in it, from small frag- 
ments up to boulders two feet in diameter ; the larger boulders 
occur round the edge of the neck, as is usually the case when the 
arrangement can be seen at all There is no lava-flow of any 
kind associated now with any of these necks. 

No. 1 3. — Is a large cylindrical mass of dolerite on the west side 
of the ndge separating George Moshesh's country from N'Kau's. 
It is very conspicuous from the road that passes over the River 
Ribani here, leading from George Moshesh's village to the 
Trappists Mission Station and the shop. There is a very little 
amygdaloid on the north side, and the sides of the chimney 
are contorted and brecciated, but the rest of the block is solid 
dolerite. There are no flows connected with it. 

No. 14 — Is the most conspicuous of all the volcanoes in the 
district, as it is connected with a thick flow of dolerite which has 
protected the vent and allowed it to remain perched up on the 
crest of the ridge while all the surrounding rocks have been 
weathered away. It is well seen from Intwantsu (or Mtoho- 
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antso) on the Matatiele-Ongeluk^s Nek road. The vent is sur- 
rounded by Cave Sandstone, the outcrop of which is prolonged 
southward to encircle it, so that we now see the vent exactly in 
the position it occupied when it first started pouring out its lavas 
and ashes over the white sandstones. The section exposed on 
the surface now is funnel-shaped, the western portion being 
composed of hard blue agglomerate with the usual assortment 
of basic igneous inclusions. This is penetrated by a peculiar 
rock, probably a very much altered vesicular basalt, now consist- 
ing of a mottled mass of green and white earthy minerals. The 
eastern portion of the pipe is occupied by columnar dolerite, the 
columns, as in No. 4, converging upwards ; me flow of dolerite, 
however, that laps over the rim of the funnel is not columnar. 

No. 1 5. — Is a great plug of dolerite and amygdaloid about ^ of 
a mile in diameter ; it is cut round on three sid^s by the River 
M'Rumisso and one of its tributaries. There is near here a 
great sheet of dolerite that comes up from under the Cave 
Sandstone at a sharp angle, and the eastern outcrop of which 
runs north and south, but there is no apparent connection of this 
dolerite plug with the sheet ; it should be noted, however, that 
the same relation of sheet to plug occurs at the York volcano, 
No. 19, and it is at least probable that these two volcanoes 
started to work and poured out lava before the end of the deposi- 
tion of the Cave Sandstone, and that consequently they were 
either subaqueous, or situated on a shore which was rising and 
falling. The sheet might have been either intrusive or previous 
to the deposition of the Cave Sandstone ; from the appearance 
in the -field I am inclined to the latter view, in which case the 
dolerite plug, being subsequent to the deposition of the Cave 
Sandstone, must either have been quite independant or have 
resumed work after a considerable period of quiescence. The 
flows from this vent are probably to be found all round in the 
amygdcJoidal lavas, and the volcano being one of those that kept 
in working order to the last, the flow of dolerite, of which the 
plug is part, would be found at the top of the series of lavas. 

No. 16. — Is very badly exposed It occurs just outside the edge 
of the great lava sheet mentioned above, and is encountered as 
one passes down the steep ridge towards the last volcano. No. 
15. It is purely agglomerate, a hard blue siliceous rocl<, with 
the usual assortment of coarse and fine material, boulders of 
dolerite and amygdaloid, pink and blue clay, etc. 

No. 1 7. — Is a small plug of dolerite occuring on the ridge be- 
hind Jeremiah Moshesh's stadt. 

No. 18. — Is a pipe of agglomerate magnificently exposed on the 
steep sides of the ridges overlooking the Mabele Valley and the 
red decomposition products that strew the hill-side make it a 
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conspicuous object from afar. A small rivulet cuts back right 
into the pipe and exposes vertical sections of the agglomerate. 
The rock exposed is really the eastern wall of coarse material, 
the softer centre being washed away ; the boulders are mostly of 
large size, and include the usual varieties of basic rocks, with a 
certain proportion of shales emd sandstones. The assortment 
of boulders in a dark blue matrix reminded one strongly of 
some varieties of Dwyka Conglomerate. To the north-west 
there is a moderately thick sheet of dolerite that might very 
well have flowed from this neck, but there is no dolerite now in 
the chimney, so that, if the two are connected, we must suppose 
that after the first dolerite overflow, the volcano had a long life, 
finishing up with an explosive stage, which cleared out all 
molten rock from the vent. This, however, is an inversion of 
the accepted order in which the agglomerate and lava flows are 
supposed to be related, the former being usually taken to be 
formed previously to the latter. In the case of the next vol- 
cano, it will be seen that there is additional evidence for the 
sequence I have postulated above. 

No. 19. — Is the largest volcano in Matatiele ; there is both an 
enormous neck of agglomerate and decomposed amygdaloid 
about a mile in diameter, and also on the west side a plug of 
dolerite, very little less in width, with a great overflow of dolerite 
to the east and south. The agglomerate is exposed both by a 
small tributary of the Mabele, dividing the neck in two, and by 
the new road that is cut for some way through it. In this way 
very good sections are exhibited. The rock is a dark blue tuff, 
with a great variety of basic, igneous, and sedimentary rocks in 
it. Up the slope to the west decomposed lavas occur, now con- 
verted into a green mass, with grey patches and riddled with 
white zeolites. In the section along the road there is shown a 
dyke of dolerite, penetrating the agglomerate and passing hori- 
zontally into a sheet. 

The dolerite plug is connected with a heavy flow of columnar 
dolerite, that spreads out for about a square mile to the south 
and east of the vent, and further away to the east thinner caps 
occur on the top of the hills, and still further, on Moiketse Loca- 
tion and Manning, there are again very thick sheets of dolerite 
that may possibly belong to this flow. The small tributary that 
divides the agglomerate neck in two has also cut through the 
dolerite sheet, and has exposed the junction of it with the Cave 
Sandstone. The latter rock forms immense solid krantzes, that 
give the narrow kloof a very remarkable appearance, so weird in 
fact that my boys were too frightened to go up the kloof to 
gather firewood, though this was the only place in the neigh 
bourhood where it could be got in reasonable abundance. C 
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the west of the Kloof the Cave Sandstone is capped with amygda- 
loid, and it is only on the east that the palisade of the dolerite 
columns is shown. 

The area round, for an extent of about four square miles, 
shows very plamly a dip towards the vent, whether due to the 
loading of the strata at this particular point with an enormous 
pile of lavas, or whether to a local sinking of the crust, because 
of the rock beneath being carried away and thrust out at the sur- 
face, is not apparent ; probably ooth factors entered into the 
production of the dip. Most of the lavas round the neighbour- 
hood, including the enormous masses exposed from here up to 
the top of Ongeluk's Nek, probably came out of this hole ; the 
great mass of decomposed amygdaloid in the pipe, though now 
quite different through decomposition from the pipe amygdaloids 
of the flows, was evidently of exactly the same composition in 
the original condition. The dolerite sheet above referred to 
was among the first of the flows ; then followed the more vesicu- 
lar lavas, to the west and north. Some of these must have been 
poured out before all the Cave Sandstone had been deposited, 
iDecause the latter lies on the amygdaloid between Hilda Heath 
and York. To the west of the vent, also, the same thing occurs, 
but here there are also bedded agglomerates lying in the Cave 
Sandstone, showing that the volcano at that period shot out its 
ashes and lapilli far and wide. It is very remarkable that this 
tuff or bedded agglomerate is not found more widely ; the beds 
that one finds between the lava streams are not of that nature, 
but are ordinary red clays or white sandstones, baked and hard- 
ened in places, but never composed of volcanic ejactamenta. 

The rock that came from this volcano, except for the dolerite 
flow already described, which was an initial effort, was mostly 
amygdaloid. The Ongeluk's Nek section exposes 4,000 feet of 
it, and only occasionally is there a bed of more compact rock or 
true dolerite. Near the vent itself there are several more or less 
large patches of sedimentary rocks included in the lava ; these 
are probably deposits formed during temporary subsidence of the 
land surface beneath the sea, since the sediments are not of a 
nature that would accumulate in a shallow lake formed on the 
flanks of a volcano, since they are much too siliceous. Besides 
these, however, there are deposits that may have been formed in 
small lakes or along the courses of the water runnels on the 
sides of the volcaiio itself. Some of these are now converted 
almost into porcellanite by the baking they have received from 
the lava. It is interesting to notice that the sides of the porcel 
lanised rock are the least altered, a fact which may be due to 
the molten lava being suddenly cooled at the contact with the 
damp mud, and forming a non-conductive layer on top of it. This 
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would prevent the mud being scorched at the surface, but then 
afterwards, when the enormous heat of the lava began to diffuse 
itself through the rocks below, the incluaed sediments became 
baked in the way they are. The porcellanised rock had been 
tciken for gold-quartz by the diggers, in the rush of a few years 
back, and had been sunk upon in two places. Some of the lava 
streams are parted by an earthy and gritty brown material, 
which may be the actual soil that formed on the mountain 
slopes. 

That there were long periods of rest in the history of the 
volcano, during which the surface became carved into by the 
erosive forces of wind and weather, is sho\vn by some of the lava 
streams exposed on the opposite side of the Mabele River, above 
the old prospecting works. Here there are shown gulches filled 
in with lava ; an especially fine one shows the wide sloping 
valley, with a narrow channel at the bottom. The channel was 
cut in cunygdaloid, and is filled in with the same materinl. The 
rock weathers spheroidally, but at the contact the following sec- 
tion occurs : — 

Compact stony layer .5 inch. 

Lava, finely vesicular i.o inch. 

Compact stony layer .5 inch. 

Pipe amygdaloid 4.0 inches. 

Amygdaloid — 

It is interesting to notice that the pipe amygdules always 
stand normal to the surface, even when this is highly inclined, a 
fact for which I can offer no explanation, as one would think 
that gas in expanding would always tend to force its way verti- 
cally upwards. Cohen* believes that there was no flowing 
motion after the vesicles had formed, and explains their length 
and branching by supposing that at the time of their formation 
the rock was very fluid, thus allowing the vesicles to expand 
vertically upwards, but this will not help to explain how a whole 
row of vesicles became inclined normally to the steep side of a 
gulch, down which the lava must have flowed. In this parti- 
cular case the old gulch leads north, whereas the amygdules are 
inclined to the east and west. 

There are two or three places which are very peculiar, and I 
was long in doubt as to whether there might not have been some 
volcanic outburst at them. The first is in the amygdaloid on 
Motley's Hoek, and occurs near the top of the ridge on the south 



* Neues Jahrbuch, 1875, p. 113. 
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bank of the river Jordan. It is a large circular space, occupied 
by dolerite, whereas the surrounding rock is amygdaloid. It is 
on the line of one of the three dykes that come through from 
the Mabele Valley. There are some very large hollows in the 
rock about here, mostly filled in with quartz and calcite, some^ 
times with carbonate of iron as well. In this case the dolerite 
of the plug, if the place be volcanic, weathers so like the sur- 
rounding basic amygdaloids that it is quite impossible to arrive 
at any definite conclusion from the examination of the rocks on 
the surface, and I have therefore not counted this occurrence as 
one of the volcanoes of Griqualand East. 

The second occurs in a dolerite flow on George Moshesh*s 
ground, on the ridge to the right of the westernmost stream that 
comes down from the crest of the Drakensberg. There are two 
little crater-form hillocks, which, seen from a distance, look 
exactly like two small volcanoes. They lie on the same line as 
the last -described occurrence, and the long cross-country dyke 
that comes from the Mabele VcJley. They both have springs 
rising in them, and the better preserved of the two holds a small 
dam. The present hollow in the crater might be due to the 
springs which soften and decompose the rock in their neighbour- 
hood, but what has given the rims the harder texture, enabling 
them to stand out from the rest of the dolerite, I cannot con- 
ceive, unless it be that these were small volcanic vents. 

The third doubtful case is on the east of the district, on 
Zureka. Where the valley heads under the eastern beacon of 
Zureka, there is a large, rounded, funnel-shaped hollow, mostly 
covered with blocks of amygdaloid that have fallen down from 
the crest of the range. The Basutoland fence runs along the 
watershed, and prevented me from effectually examining the 
north side of the range, which might have thrown more light on 
the geology of this spot. Part of the watershed is in Cave 
Sandstone, which here has in places many included bits of 
i^^neous rocks, like a tuff. 

On the west side of the hollow there is a Icirge isolated flow of 
dolerite, and between this and the fence there are several very 
peculiar rocks, among which are dark green, glassy rocks, with a 
surface weathering in a network of pink veins, and a light green 
mass, probably the decomposition product of some igneous rock.* 
Below these, and intruded in between cue Red Beds and Mol- 
teno Beds, there are sheets of dolerite, as mentioned above, which 
look as if they might emanate from some centres of eruption in 
the neighbourhood, and the Cave Sandstone also comes in here 



♦ See the descriptions in the petm^jraphical part, slides Xos. q6i and 963. 
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in its normal thickness, after being absent for a long distance 
from the west. I am inclined, however, to think that the curious 
rounded hollow is not the pipe of the volcano, but merely due 
to denudation, and that we must look over the other side of the 
Drakensberg, m Basutoland, to find the true vent. 



FISSURES OF ERUPTION. 



Between Deer Park and George Moshesh's Country there is a 
dyke of dolerite running under the mountains, and parallel to 
their crest, having a general strike of E. 25° N., but bending due 
east at Makomereng to follow the changed direction of the crest. 
It cuts mostly through the amygdaloids, but in the middle basin in 
Maklagala's country it leaves the amygdaloid and traverses a 
tract of Cave Sandstone. On the east of Maklagala's country 
it broadens out to about a mile in width, but elsewhere it is only 
a dyke about twenty yards thick. The rock weathers more 
readily than the amygdaloid, owing to the spheroidal cracks that 
are set up in it when it is near the surface, whereas the amygda- 
loid flows present a solid mass to the destructive agencies of 
wjnd and water. For this reason there is a longitudinal de- 
pression running high up under the mountain crest, and this is 
used by the cattle to get from spur to spur of the range. 

It IS not easy to make out the course of the dyke in some 
places, as the weathered products of the amygdaloid and 
dolerite are so similar, but the presence of the dyke can gener- 
ally be detected by great yellow scars on the hill-side, due to the 
dolerite breaking down to a yellow crystalline sand. On Mako- 
mereng, however, where the dyke runs close up under the crest 
of the mountains, the streams have cut narrow kloofs through 
the igneous rocks ; so steep are the sides of these that debris is 
unable to lie, and clean sections are available for study. Here 
one sees the dyke traversing the regular bedded flows of lava, 
and in some cases on the south side the latter are up-turned. At 
a certain level the dolerite forms a conical heap, the edges of 
which spread out into horizontal sheets lying on the amygdaloid 
and again covered by that rock. There were no data that 1 
could find which could prove that these heaps and sheets of 
dolerite were not intrusive in the bedded amygdaloids, but were 
contemporaneous with them. If there had been the rending 
and bursting of the overlying amygdaloid with dykes of dolerite, 
that rock naturally ivould have been intrusive; or if there 
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had been a zone of scoriaceoiis rock in the dolerite, it, on 
the other hand, would have been undoubtedly contemporaneous : 
but with the absence of such data as these, one has to rely on the 
general appearance of the section, and this was certainly in favour 
of the dolerite having been poured out on the surface, and then 
buried up agciin by amygdaloidal lavas. 

A short way to the west of the Makomereng boundary the 
same dyke shows very strongly developed spheroidal weathering, 
the kernels of the spheroids being fresh rock, with the outer 
shells weathered to a sandy condition. On the north side, the 
amygdaloid is much disturbed and crushed ; parallel to the verti- 
cal face of the dyke there axe innumerable small cracks in the 
amygdaloid, which have been filled in with zeolites, giving the 
rock the appearance of a sandstone with vertical beddmg planes. 
I'he amygdaloid above the dyke is full of large pipe-amygdules 
in two or three rows. The great alteration of the north wall of 
the dyke points to the conclusion that the dolerite must have 
risen explosively in the crack, and did not get gently thrust in a 
crack already formed for it, as seems to have happened in all the 
other cases in the district, with the one exception of the dyke 
south of the shop on Retreat, where again we suspect that the 
dyke was a fissure of eruptioa 

The main body of the dolerite is in the eastern basin in Mak- 
lagala*s country. Here it is bounded on the south by Cave 
bandstone, and on the north by the amygdaloid. The rock is 
very uniform in character throughout, being a moderately coarse- 
grained dolerite ; occasionally very fine-grained rock and veins of 
glass occur, and in one or two places a variety that appears to 
liave been a semi-glassy rock, a variohte wit** spheruhtes about 
the size of a marble, but I was imable to get any specimen that 
was not completely rotten. 

It is quite possible that some of the lavas of the Drakensberg 
came from this fissure, but there is no section showing a connec- 
tion of the dolerite with the piled lava-flows near the medn body 
of the former. This is what was to be expected if the dyke was 
a fissure of eruption, for the dolerite in the crack would be the 
last effort of the volcanic activity, and all the rock previously 
poured out would be cut through and detached from this last 
plug. Certainly, however, it seems improbable that such an im- 
mense body of molten rock could come so near the surface with- 
out pouring over. It should be noticed, also, that in the neigh- 
bourhood of the main mass of dolerite there are no volcanic 
vents, it is as though the upward strain had to be relieved here 
by the fissure. 

From Rankakata's Nek there is a very peculiar dyke running 
due east, and forming the boundary between Ramkakala on the 

[G. 6—1903.] E 
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one side, and Joe's Luck and Robert's Vale on the other, and 
running half-way through Mount Fred. It is highly inclined 
to the south near the nek, but further away it becomes vertical. 
The dyke is very massive, and consists of coarse-grained dolerite, 
with a central band of some variety that weathers more rapidly, 
yet which in the fresh state is indistinguishable from the rest. 
The thickness of the whole is about four hundred yards. It 
forms an effectual screen, separating the valley of Ramkakala 
from the country to the south, and is weathered into a number of 
sharp-pointed, conical hills. The most remarkable fact, however, 
about this dyke is that in the middle, that is, along the stream 
that comes down from the mountains near the house on Robert's 
Vale, there is a gap in the dolerite, and the sandstone beds pass 
quite undisturbed and horizontally from side to side of the great 
dyke. On the north side there were very good exposures of the 
contact of the igneous rocks with the Red Beds, which are un- 
altered, but on the south side, on Joe's Luck, one notes a good 
deal of porcellanisation and baking of the shales in the neigh- 
bourhood of the dolerite. The dyke mentioned on p. 28 may 
also be one of these fissures of the eruption. 

It may be well here to briefly sum up the results of the exami- 
nation of these volcanic necks, and to compare them with others 
known to exist in other parts of the world. The study of the 
recent eruptions in the West Indies will, no doubt, help to eluci- 
date some of the obscure points in the structure of the South 
African ones, but so far, the full reports of the scientific expedi- 
tions sent to investigate the former have not been pubhshed, or 
have not yet reached South Africa. It was during the discovery 
of this new volcanic area in Matatiele that the outbursts occurred 
in the West Indies, and the efforts of the Geological Survey 
were not appreciated in the district, as it was thought that the 
volcanoes might prove sympathetic, and start work again. The 
sharp earthqucike shocks that are by no means infrequent in this 
part of South Africa gave some sort of reason to the fears of the 
people, but the orifices of the volcanoes have been closed for such 
an immense period of time, even speaking geologically, that there 
is no possible chance of their breaking out again. 

Mr. Dunn, who up to now has been our only authority on the 
stratigraphy of the Stormberg area, was also the first to describe 
these volcanic vents. In the two maps printed to accompany his 
report on the Stormberg Coalfields, 1878, only the Molteno sec- 
tion of which, however, was issued to the public, he marks five 
volcanic centres in the neighbourhood of Jamestown and Mol- 
teno, although he mentions only three in his report (p. 1 1). The 
present description of the nineteen newly-discovered vents in 
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Matatiele is only a further instalment of the work begun twenty- 
five years ago by Mr. Dunn ; an immense tract of country will 
have to be surveyed before the complete history of this volcanic 
region is revealed. 

It is impossible to doubt that in these pipes of agglomerate 
we have, in many Ccises, the actual conduits by which great 
masses of rock in a molten state have come from deep down in 
the earth to the siurface, and in others, channels, reaching in like 
manner to great depths, by which great volumes of vapour and 
gases imder immense pressure have cleft their way with ex- 
plosive violence to the surface. The lavas that flowed from 
these vents cover, and in many cases include, strata that are 
certainly not younger than Jurassic, and in the immense lapse of 
time between then and now, it is evident that all surface 
features, such cis the cones, craters, and fumaroles have long been 
washed away by the ordinary working of atmospheric denuda- 
tion. What is left are merely the stmnps and cores of the vol- 
canoes, but by piecing together the evidence from a number of 
vents, and comparing it with what we know from other volcanic 
areas, both active and extinct, we can reconstruct with a very 
fair amount of accuracy the surface features and conditions that 
existed in the times when the volcanic force was in, full activity 
in the Drakensberg. 

One of the first facts that strikes one on considering the 
whole of the evidence afforded by the Matatiele vents is that 
they are all intimately related to some great line of structural 
weakness in the earth's crust in this district. The present coast 
line trends N.E. ; the great line of laccolites from Tsolo to 
Mount Ayliff trends N.E. ; the main watershed of the southern 
part of the continent from Cape Town to Delagoa Bay trends 
N.E. ; and when we come to join up the centres of eruption in 
Matatiele, we find that they lie along a line trending N.E., with 
the exception of a small nimiber by Deer Park, which, however, 
are situated also along a definite line. Further, if this principal 
line of volcanoes is produced to the S.W., it will cut the five 
vents discovered by Mr. Dunn near Molteno and Jamestown. 

There is no evidence of any faulting in the neighbourhood of 
the vents ; where one can get a clear section of the sedimentary 
beds across the Drakensberg, such as at in v^uatsha's Nek, the 
rocks on either side are seen to be perfectly continuous. A line 
of weakness, however, need not necessanly show as a line of 
faulting ; a fold deep in the earth's crust might produce a cleav- 
age, which would allow the escape of the molten magina with- 
out producing any effect on the surface, and even a fault can 
die out vertically upwards, as is the case with many thrust-faults 
that one can study on the side of mountain kloofs. There are 
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well-marked faults in the district, especially along the southern 
bend of the Kenigha River, and these lines of w eakness are occu- 
pied sometimes by dolerite dykes; the fact that there are no 
vents along these faults is an evidence in favour of their being 
later than the volcanoes, and consequently the dolerite dykes 
were similarly of a later date. The evidence, however, is not con- 
clusive, for volcanic vents are known to occur plentifully in 
areas that have been previously or contemporaneously faulted, 
without the escape of material taking advantage of the disloca- 
tion. 

The great difficulty in accounting for the perforation of the 
crust of the earth by these pipes is the want of a known agent 
sufficiently powerful to accomplish it. The experiments of 
Crookes have shown that gases under an enormous pressure in 
an iron shell take advantage of any minute cleavage or weakness 
in the metal, and drill for themselves perfectly straight, smooth 
holes, which are strictly analagous with the volcanic vents. But 
then, if the difficulties for the gas to escape be increased, it is 
perfectly within the power of a laboratory experiment to prevent 
the escape of the gas at all. The force required to break 
through the crust of the earth must be enormously greater than 
that required to break through an iron shell, and as the most 
violently expansive gases we know, under the greatest pressure 
we can produce, can easily be controlled within an iron shell, 
tlie question arises : are gases competent agents for accomplish- 
ing the drilling of the volcanic vents.? Or are there gases of 
enormously greater elasticity than any known to us ? Professor 
Daubree* has suggested the word " diatreme " for these cylindri- 
cal chimneys, blown through the crust, as he thought is proven by 
his experiments of dynamite on greinite, by the explosion of 
gases in the interior of the earth ; it is, perhaps, best still to use 
the term pipe or chimney till further proof is afforded that the 
" diatremes " do onginate in an explosion of gas, and even then, 
would not. all volcanic pipes be probably due to the same 
cause ? 

The sedimentary rocks, through which the chimney is pierced 
in the Matatiele instances, never show the least sign of shatter- 
ing or plication, the wall of the hole is clean cut, and the divi- 
sion between the agglomerate and sandstone quite sharp. On 
the high volcano on Deer Park (No. 4) there was doubtful evi- 
dence of scoring of the ejected blocks against the sides of the 
vent, but the great gouge-like channels on the interior of the 
rim of Cave Sandstone may have been caused by unequal 
weathering. As a rule, there is a slight dip of the strata round 

* Bull. Soc. G60I. France, 3me Series., tom. xix. (1891), pp. 313-354. 
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the hole. This is not always apparent, as the \ents are so com- 
monly now surrounded by the thick unbedded Cave Sandstone 
where any moderate dip would be very hard to detect j but on 
No. 5, in the lower valley of Deer Park, where the surrounding 
strata are hard sandstones of the Molteno series, the dip is very 
apparent. Round the York volcano, the beds for a considerable 
distance round dip towards the vent, but this is hardly a direct 
effect of the volcanic orifice, being due to the general weighting 
of the surface with enormous piles of lavas, coincidently 
with the taking away of the same material from beneath the 
crust. In the fissures of eruption, however, both in the great 
one under the Drakensberg, and the smaller one south of the 
shop on Makomereng, the north wall of dyke is intensely crushed 
and fissured, and injected with the igneous material. 

As already stated, it is usual to suppose that the volcano 
started with the drilling of the hole, and if no lava followed, the 
shattered materials flung up into the air tumbled down again 
and plugged up the vent ; after that, there was no further dis- 
play from that particular volcano. Such is the history of the 
Shetland necks*, and of the smaller Fifeshire ones, such as those 
east of the Rock and Spindle.t In the Matatiele vents, however, 
we have clear evidence in Nos. 14 and 19 of a lava flow earlier 
than the consolidation of the agglomerate in the pipe, and I do 
not see any hindrance to the acceptance of the theory that this 
order was generally followed in the history of the volcanoes. 
That is to say, instead of the explosive action being merely an 
abortive effect at the institution of a full-developed volcano, that 
that action in most cases was a final effort after the extrusion of 
the lavas, when the pipe became blown larger, and not only the 
sedimentary beds, but also the superincumbent lava, already long 
since hardened, became shattered, and went to form the final 
agglomerate. Not only is this an apparently natural deduction 
from observed facts in the field, but it is also supported by the 
knowledge that among active volcanoes a violent explosive stage 
may succeed a vast period of comparative quiet lava and ash dis- 
charge. 

The material composing the ag^glomerate is derived from rocks 
now exposed at the surface ; the matrix is, one can say with con- 
fidence, derived from the same source as the Cave Sandstone is : 
not only is the gfeneral appearance the same, but the same kind 
of felspars, including microcline, are seen in both. The blue 
and buff siliceous matrix is probably derived from the deeper 



* Peach and Home, Trans. Roy. Soc. Edin., xxxii. (1884'), p. 359. 
t Sir A. Geikie, Volcanoes of Eastern Fife, Mem. Geol. Survev, Scotland, 
1902, p. 213. 
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sandstones, such as those of the Molteno Beds, blue being the 
universal colour of unweathered sandstones of this series. 
No tuffs of undoubted volcanic origin occur, the matrix is always 
such as is derived from the shattering of non-volcanic beds, and 
there are no individual crystals of minerals which one can say 
could have been derived from a molten magma. In most ex- 
plosive volcanoes, and the West Indian ones are very typical 
examples, the gases seem to have blown through a molten 
magma, and a rain of ashes, consisting of small porphyritic 
crystals of felspar, ferro-magnesian minerals, such as augite and 
hornblende, accessory minerals, like magnetite, and bits of glass 
and piunice, covers the land for immense distances, and presum- 
ably would clog the vent if the action stopped at this point. In 
the Fifeshire volcanoes such agglomerates are found ; individual 
crystals of orthoclase, hornblende, biotite, and pyrope garnet 
abound. In a similar way the agglomerate of the Kimberley 
diamond pipes is composed of disintegrated magma that was once 
molten, and isolated crystals, such as augite, biotite, garnet, and 
ilmenite are characteristic of the rock. 

In many of the Matatiele vents the boulders in the vents are 
for the most part purely sedimentary. These all belong to the 
surface rocks of the district, except, as far as the examination 
went, in the single case of No. 3 volcano, in the agglomerate of 
which crystalline limestone occurs, a rock unknown in the Storm- 
berg Series. Usually, however, there are lavas associated with 
the blocks of sedimentary origin. In the high volcano on Deer 
Park, No. 4, there are actual bombs, that is to say, portions of the 
magma that have been hurled into the air and cooled as they 
fell, for the blowholes are arranged symmetrically to the sur- 
face of the boulders, the outer rim containing minute cavities, 
and the centre being more coarsely vesicular. Elsewhere, how- 
ever, I did not find similar bombs, the lava blocks being evidently 
such as had been consolidated before the date of the formation 
of the agglomerate, as could be seen from the disposition of the 
vesicles to the surface of the fragment. This last fact is an 
additional evidence that the agglomerate was formed late in the 
history of the volcano, as it is probable that in many cases the 
blocks originally came up as a lava flow, that became hardened 
round the vent, and on the final explosive stage ensuing, this 
flow became shattered equally with the underlying sedimentary 
beds. Whether bombs are in reality more frequently present 
can only be decided by a much longer study of the area, and in 
a preliminary reconnaissance like the present survey, such points 
cannot be settled 

Comparing the size of these necks with the Fifeshire ones, as 
these may be taken aa a most typical example of a similar area 
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111 Europe, Sir A. Geikie gives for the latter the limits in the 
diameters as between ten yards and a mile (Largo Law). Nos. 
8 and 9 are smaller than the smallest of the Scotch ones, being 
only 6 and 4 yards across ; and the York volcano, No. 19, is pro- 
bably larger, though the uneven nature of the present surface 
renders measurements only approximate, and a very careful 
survey alone could determine the exact size. In shape the 
chimneys are roughly circular, but the north and south diameter 
IS usually the longer. In the York volcano, where a dolerite plug 
lies alongside an agglomerate neck, the longer axis of the whole 
is east and west. 

That the pipes have been filled in from above is, of course, a 
natural conclusion, but it would be difficult to prove the fact did 
we not find bits of carbonised wood in the agglomerate. These 
fragments are undoubtedly boughs torn off from the trees that 
were growing in the neighbourhood of the vent, and probably 
in the crater itself. The same thing has been noticed in the 
Fifeshire volcanoes, and in the case of these I find it difficult to 
reconcile the idea that the agglomerate was merely the result of 
an initial effort of the volcanic forces at the particular spot, with 
the fact that these boughs in all probability grew inside the 
crater. Their presence indicates a period of rest after the 
initial outburst forming the material of the crater, during which 
the trees grew to maturity, for the logs of wood are of con- 
siderable size; there must have been, at any rate, a second 
period of activity to account for these bits of wood having been 
dragged down into the chimney. In this respect, at any rate, 
the Matatiele volcanoes agree with the Kimberley pipes, for 
many large tree trunks have been unearthed from the diamondif- 
crous bhie, some fine examples of which are exhibited in the 
South African Museum. 

It is hardly safe, from the little we yet know of 
the geology of the adjacent country, to speculate 
as to the probable extent of the whole volcanic field of 
the Drakensberg region. An immense lateral extent of 
amygdaloidal lavas is known to exist all over Basutoland from 
the Orange River Colony border to Natal, and it is very probable 
that the Matatiele volcanoes may be merely the south-eastern 
border of a broad band of country riddled with volcanic necks as 
in Central France. What is very apparent, however, from the 
present survey is that an enormous field of research has been 
opened, and one of exceptional interest ; but the nature of the 
country is such as to render it at present extremely difficult to 
map, not the least of the obstacles being the intense hatred of 
the Basutos to inquisitive strangers who might, they think, dis- 
cover minerals in their country, and bring into their preserves an 
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alien white population who would make them work. It may, 
however, not be out of place here to express my sense of grati- 
tude to the Basuto chief, George Moshesh, who has settled in 
the colony, and in whose country I camped for some time ; on 
explaining the object of my survey to him I received a great deal 
of help from him and his tribe. 



The Lavas of the Drakensberg. 



The lavas of the Drakensberg are mostly basic rocks, of the 
basalt or dolerite type ; a description of the vzirieties will be 
given in another place, but the common type, the amygdaloideJ 
melaphyre, caJls for a short notice here. The rock was first de- 
scribed by Professor Cohen from specimens sent to him by Mr. 
J. Orpen from Basutoland. Cohen's specimens were dark de- 
composed rocks, with very little recognisable minerals in them, 
but I have obtained fresh specimens showing the minerals dis- 
tinctly ; the colour of the rock in the latter case is bright red. 
The rock varies from a compact mass to one more or less vesi 
cular ; the vesicles increase in size, and finally become elongated 
into branched pipes four inches long. It is this last form that is 
the most striking one in the Drakensberg. The vesicles axe 
about the thickness of a lead pencil, more or less bulbous and 
irregular on the surface, and frequently branching like a piece of 
red-coral. The vesicles stand perpendicular to the surface the 
lava rests on, and there is always a layer of compact rock at the 
base of the flow, where some of the material has been chilled 
quickly. Often, too, there is a layer of vesicular lava and another 
zone of compact rock before the layer of pipe-vesicles is reached ; 
above this layer there may be one or more irregular bands of 
pipe-vesicles separated again from the first by compact rock. 
In most cases the amygdules are filled in with calcite, chalcedony 
or some of the zeoHtes, often with an outer casing of some green 
material. Cohen says his specimens had heulandite in the 
vesicles, but I have not been able to determine the zeolites in 
my specimens yet, but Mr. du Toit has since made out heulan- 
dite, thomsonite, stilbite, and perhaps scoiecite. The blocks of 
amygdaloid that occur in the agglomerates often have the vesicles 
empty, but in the lava-flows that is rarely the case. 



Ueber einige eigenthumliche Melaphyre-Mandelsteine aus Sud-Africa, Neues 
Jahrbuch, 1875. Mandelstein aus den Maluti Ber^^en, ib. 1880. 
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As to the origin of these curiously shaped amygdules one 
must suppose that the rock as it came out at the surface held a 
^^:eat amotmt of water-vapour occluded in it, and that the erup- 
tion of the lava was so sudden that the water-vapour had not 
time to get expelled in any quantity on its way from the lower 
regions of the eartn s crUst. As the lava stream cooled, the upper 
surface became solid first, and expelled the greater part of its 
water-vapour ; then the lower layers, cooling last, were unable to 
expel the water- vapour owing to the upper layers having become 
impervious, and thus the vesicles became formed I do 
not think it is necessary to suppose a slow motion of the lava 
after the formation of the vesicles in order to explain the anasta- 
mosing of the neighbouring pipes, as Cohen thmks ; the con- 
fluence of two hollows in a viscid mass would take place naturally 
owing to small convection currents set up in the cooling ma- 
teri 1. What is hard to imderstand, however, is how the water- 
vap >ur was able to maintain its high pressure till the upper sur- 
fadj of the lava became cooled, as the large spaces forced 
asunder by the expansion of the vapour indicates the release 
of a very considerable pressure. It is perhaps possible that 
there is a critical temperature in the molten rock above which it 
can hold water-vapour occluded in large quantities, but below 
that temperature it is no longer capable of containing the water. 
The question opens an interesting field for laboratory experi- 
ment. Wittich* describes from the Melaphyr of Darmstadt some 
large cylindrical hollows which are filled in with rock slightly 
different from the rest. These he ascribes to the expansion of 
vapour unable to escape owing to the chilhng of the surface. 
They appear to be something of the same nature as the Drakens- 
berg pipe-amygdules, though they are much larger, varying from 
5 to 25 centimetres in diameter. 

The volcanic vents in Matatiele do not exert any influ- 
ence on the form of the DraJcensberg range, taken as a whole. 
It strikes one at first as odd that the vents should all be south of 
the lavas they erupted, and that with only a few exceptions 
there should be so few lava-flows to the south, but a little con- 
sideration will easily show that this is a necessary consequence 
of the position of the mountain range. When these volcanoes 
were erupted, they formed a screen that intercepted the wind 
blowing in from the sea, a wet wind, and probably a south- 
easterly one. On the lee-side there would be very little pre- 
cipitation, whereas the windward side would be kept moist ; 



* Tschermak's Mitth., Bd. xxi., Heft u i, p. 185, 1902. 
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consequently the erosion of the two sides would be very different, 
that facing the sea would be cut into a very much greater rate 
than that on the inland side. It is, therefore, very evident that 
ill course of time the cutting back of the sea-ward side would 
advance up to and beyond the central-core oi the volcano. This 
is what happened in the Drakensberg ; the crest of the moun- 
tains has receded from the original position over the vents 
northwards ana westwards owing to the greater erosion on the 
south-east side of the moimtains than in the north-west. Basuto- 
land on the north -west, in fact, has more the character of a plateau 
that has been deeply cut into by the rivers than the slopes of a 
great mountain chain. 

The sedimentary beds all dip slightly in towards the moun- 
tains, and in the country south of the mountains this has pro- 
duced certain effects that are at first somewhat puzzling. Round 
about the village of Matatiele, for instance, one gets hills higher 
than the level of the Cave Sandstone, yet without a capping of 
that rock ; owing to the smallness of the general dip this is not 
noticed at first, and one is inclined to think of faulting. The 
dip may be due to the exhaustion of molten rock from beneath 
the earth's crust, or the weighting of the crust by the lava ; 
probably both causes operated. 

The Drakensberg goes under several names among the na- 
ives, the title so often seen on the maps, " Quathlamba," I never 
heard mentioned in the district. The Basutos call it, and the 
parallel range on the other side of the Orange River in Basuto- 
land, the Malutis or Double Mountains. The highest point in 
the Matatiele district is the western peak overlooking Ongeluk's 
Nek, which rises to 9,000 feet, but from N'Quatsha's Nek tliere 
can be seen one still higher, on the opposite side of a tributary 
of the Orange River, which is said to be 10,000 feet high. From 
Ongeluk's Nek one can see on a fine day Giant's Castle in 
Natal, rising, with the Mont Aux Sources, to the highest eleva- 
tion in South Africa, namely, 1 1,000 feet. The latter mountain 
mass is hidden by intervening ranges from Ongeluk's Nek. 

To the west of Ongeluk's Nek the mountains present an un- 
broken wall to the south, with scarcely anything in the way of 
peaks or clefts, but east of the nek the mountain range beco.r.es 
very strikingly picturesque. Two fine peaks in George 
Moshesh's Country are very noted, both split in the summit; 
the southernmost is called by the English the Twins, but the 
higher of the two component peaks is called by the Basutos 
Makalale. East of the Twins there are three monoliths of 
amygdaloid perched equidistant on the crest of the mountain, 
and called by the English the Three Sisters, but the Basutos 
call them the "Woman with Twins," Mafagha. The monolith 
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is very frequently repeated in the amygdaloids awing to the 
vertical jointing that often traverses the rock; another good 
example is the Thumb on the great massive peak to the west 
of Makomereng. Pathela's peak is different from the rest, 
being a finely proportioned cone ; on the east of it the amygda- 
loid is cut right down through to the Cave Sandstone at 
N'Quatsha's Nek, which is really a douoie pass, owing to there 
being a block of amygdaloid in the miduxe. From N*Quatsha*s 
Nek to Mangalore the range is again uninteresting. Between 
Mangalore and the Inhlangwini Location there is a nek similar 
to that at N'Quatsha, being divided into two by the great block 
of amygdaloid on Zureka. 

The Drakensberg form the water-parting between the Orange 
River and the south coast streams. It is now guarded by a 
barbed wire fence to prevent the crossing of diseased cattle 
from Basutoland into the Colony, and there are only a few gates 
which are guarded by native policemen. The gates are from 
the west — Ongeluk's Nek ; in George Moshesh*s Country, Pack- 
ox or Nema's Nek, and Gamgha's or Kaia's Nek (shut); in 
Maklagala's Country, Sarah's Nek (shut) ; Makomereng Nek 
(shut), N'Quatsha's Nek; Rankakata's Nek, Ramkakala's Nek 
(shut), Mount Fred (shut), and Zureka (shut). All these are 
pases that a man can ride up on horseback without dismount- 
ing, but N'Quatsha's Nek is the only one which a wagon can get 
up. Ongeluk's Nek road is being cut, but the mountain part 
is yet untouched If the others are used for draught animals, 
sleighs are used. 

When one looks at the River System of South Africa as a 
whole, one finds that there is a well-marked water-parting run- 
ning in a straight line from the Cape Peninsula to Delagoa Bay, 
a distance of about 1,000 miles. This water-shed runs north- 
east. From either side the rivers come off regularly except in 
the region opposite the Drakensberg. Here the rivers show 
evidence of having been diverted from their natural course to 
the south or south-east. The waters are collected by the 
Orange River, which cuts across the watershed between Coles- 
berg and Bethulie, and is the only river that cuts the natural 
watershed in the whole of its course. The line of volcanoes in 
Matatiele, adding the five found near Molteno and Jamestown 
by Dunn, runs parallel to the water-shed, and it is against these 
that the headwaters of the Orange River abut, and are thereby 
deflected. There is good evidence that the volcanic range was 
thrown across the river system as it now exists; that means 
that the Karroo was dry land when the eruptions took place. 
One must conclude, however, from the evidence afforded by 
the large amount of sediment that is intercalated between the 
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lava-flows, especieJly to the east of N*Quatsha's Nek, that the 
water-level must have been above a great mass of the lavas. It 
is just possible that this may have been due to submergence 
not great enough or not of sufficient duration to allow of a dis- 
turbance of the already formed drainage of the Continent. 

We have seen reason to believe, in considering the York 
Volcano and No. 15, that they were started near the shore, for 
some of the sedimentary rocks intercalated between the lavas 
have the appearance of having been laid down in open water. 
If this be so, then the Matatiele Volcanoes lay along the shore 
of a continent cut off in a north-easterly direction, exactly as the 
present shore is cut off a hundred miles away from the vol- 
canoes. This persistence of the north-east strike of the suc- 
cessive shore-lines to South Africa is very remarkable. In 
Permian times, as far as we have seen, the shore-line ran north- 
east from Prieska to Mafeking, then in Jurassic times the shore- 
line was that on which the present Matatiele volcanoes was 
situated about 1 50 miles distcUit from the previous one, and the 
present one is 100 miles from the Jurassic one trending in the 
same direction. 

As the deposits of the Stormberg were formed close in shore, 
the muds, on account of the perfect preservation of the delicate 
fern-leaves, and the sandstones on account of the coarseness of 
the grains which could not have been transported far by water ; 
as also the Molteno sandstone is made up of crystalline 
quartz, felspar crystals and mica flakes with occasional garnet, 
thkt are clearly the result of the disintegration of a granite 
region, and as there could be no granite region near enough to 
afford the material except in the south, there is a very good 
reason to believe that there was in Jurassic and previous times 
a land to the south of the present coast line, and which came 
near it in the neighbourhood of the Transkei Territories at the 
end of the deposition of the Stormberg Series. This land may 
have extended right across to India in a north-easterly direction, 
and the islands Madagascar, the Seychelles, etc., that are still 
found above sea in this space and are not of volcanic origin, may 
be the remnants of this old land 

The north-easterly trend of the eastern coast of our continent, 
as is the case with so many of the continents of the globe is far 
too speculative a subject to discuss here, but it is extremely in- 
teresting to get a line of volcanoes in this direction on the eastern 
coast of South Africa, This implies a line of weakness and an 
axis of folding in this direction, and it is therefore probable 
that the old land to the south-east of our present shore-line, 
after being cut down to near base-level by the ordinary erosive 
action of the atmosphere, dropped down by a monoclinal flexure 
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beneath the waters. It has been the custom to invoke great 
faults to explain the contours of continents, but the shelving 
sea-bottom at present existing off our southern shores can best 
be explained, not by faulting, but by the gradual sinking of the 
sea-bottom without rupture. 



ERNEST H. L. SCHWARZ 
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EAST. 



There is appended a short description of the various volcanic 
lavas and dykes as they appear in thin section, and of a few 
typical examples of the tuffs, from the Drakensberg, in the 
Division of Matatiele. 

Generally speaking, the igneous rocks belong to one family, 
which is quite distinct from the dyke rocks that occur to the 
south, and two of which are described under class G. They are 
characterised by a pecuUar method of crystallisation which can 
be followed from the glassy tachyUtes to the holocrystalline 
dolerites. Beginning with the glass, the first elements to form 
are the felspar laths. These are drawn together and form 
clusters or aggregates of felspar laths, or attract to themselves 
the small augite granules, and augite and felspar grow up to- 
gether as an ophitic or pegmatitic grain. The augite is colour- 
less, or with a slight ruddy tinge, but a bright green augite also 
occurs under particular circumstances. The felspar is labra- 
dorite, and as far as examined, never passes into anorthite, 
though the extinction angle is over 30° on the cleavage frag- 
ments parallel to the clinopinacoid. From a glassy rock thus con- 
stituted five fairly distinct classes of rock have been developed, 
which for convenience have been marked in the following des- 
criptions by the letters A, B, C, D, E. 

L.lass A. — ^The two elements in the glass, the felspar aggre- 
gates and the intergrowths of felspar and augite, have proceeded 
equally, yielding a rock made up of large aggregates of felspar 
lying in a ground mass of small felspar laths and augite, osusdly 
ophitic but sometimes pegmatuic. 

Class B. — The grains composed of intergrowths of felspar and 
augite have been retarded in growth, so that the aggregates of 
felspar laths have gone on growing in the magma, till the latter 
consolidated as a microcrystalline base of felspar and green 
augite. 

Class C. — The felspar aggregates have not formed, and the 
whole rock is now composed of an intergrowth, usualty ophitic, 
of felspar laths and colourless augite. 

[G. 6—1903.] F 
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Class D. — Is a peculiar class of rocks formed in the sane way 
as those in Class A, but there is always a residual green glass, 
characterised by certain ounerals, the nature of which is still 
doubtful 

Class E. — Rocks in this class have not crystallised out com- 
pletely, but the augite and felspar form phenocrysts lying in a 
base of glass, more or less devitriAed. 

Except for the minute minerals in the residual glass of rocks 
in Class D, the volcanic rocks are composed of felspar, olivine 
and augite, either colourless or green, with magnetite. 
There is no brown mica, no hornblende, even in the form of 
uralite, no quartz, nor, in short, any of the accessory minerals 
that are always found on examining any small series of sections 
from the basic dyke rocks of the Colony, and I think I am 
justified in saying that the volcanic rocks of the Drakensberg, 
as far as the Matatiele Division is concerned, belong to a separ- 
ate and self-contained order of effusion. 

As regards nomenclature adopted, the terms dolerite and 
basalt are used according to whether the rock is mostly holo- 
crystalline or has a glassy or devitrified base, and the terms dia- 
base and melaphyre are used to denote the corresponding altered 
rocks. Alteration has been effected by percolating water, and 
while changing the felspars to zeoaies and the augite to chlorite, 
at the same time it has filled the cavities witli calcite, quartz, or 
zeolites. The alteration, however, has affected the rocks very 
capriciously; in some it is absent, while the cavities are filled 
with secondary minerals ; in others, the rock is intensely altered, 
and the hollows are unfilled ; in yet others the felspars may be 
unaltered and the augites changed to chlorite, slide No, 959, or 
the augite may be fresh and the felspars completely zeolitized, 
slides Nos. 925, 940. 

The nature of the blow-holes as shown in thin sections is in- 
teresting ; there are two varieties, those formed before, and those 
that were formed after the crystallization of the felspar laths. In 
the former case the hollows are rounded, and there is often a 
rim of matrix that has evidently cooled more rapidly than the 
bulk of the rock. In the latter the felspjars freely project into 
the cavities, which are very irregular ; laths, also. He isolated in 
the calcite or zeolite which now fills the cavity, which may be due 
to the section passing through one of the projecting crystals. The 
diflFerence of appearance of the two may be explained under the 
assumption that in the rock in which the felspars had already 
crystallised out when extrusion of the gas took place, this gas 
had been held in the magma below the critical temperature by 
pressure, and wc may assume that this additional pressure may 
have been due to superincumbent flows of lavas that followed 
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each other so quickly that the lower ones had not time to cooj. 
If this is a true explanation, the temperature at which the fel- 
spars ciystalhsed out would be very close to the critical tem- 
perature at which the rock-magna could no longer hold gas or 
water-vapour in occlusion. Professor Cohen* takes the view 
that the irregular cavities are formed by the leaching out of ma- 
terial and subsequent filling in by zeolites, but in shde No. 946 
the two varieties occur together in such a way that it does not 
seem possible that they can be different in origin. 

Judging from the macroscopic appearance of the rocks in the 
field, it seemed as if there was a considerable range of 
basicity in their composition. On the farm Manning, in the 
west, there were heavy olivine rocks, and m the east, on Zureka, 
flinty rocks like rhyolites, but under the microscope both these 
extremes are found to belong to the normai oasic rocks of the 
series ; the olivine, it is true in the one case, is present in un- 
usually large quantities, but there is sufficient augite and felspar 
to retain the rock in the basic series, and the acid-looking rocks 
are quite normal basalts. 

There are many other points of interest which would call for 
a reference here if this was a summary of work done on a larger 
series, but dealing only with the rocks from a hmited area, the 
descriptions of the individual rocks will for the present have to 
suffice. Reference can only be made here to the pronounced 
radial growth of felspar, augite, and magnetite, which reaches its 
extreme development in slide No. 958 ; the order of crystalliza- 
tion of the felspar ana augite giving opnitic or pegmatitic struc- 
tures according to whether the augite encloses the perfectly 
formed felspars, or whether the felspar is contemporaneous or 
later than the augite ; the peculiar hollow crystals of magnetite 
enclosing colourless glass, slide No. 924 ; ana especially the struc- 
tures and minerals in the small vein of glass, slide No. 919. 

The clastic volcanic rocks, of which the description of a few 
slides is appended, call for very little notice here, after the de- 
scription in the general part of this report. The most charac- 
teristic minereJ of the tuffs and Cave Sandstone is microcline, 
very common in most of the South African granites. The 
epidote, tourmaline, rutile, and zircon may also be derived from 
granite or from metamorphosed sediments. In the earlier part of 
this report I have shown reason to infer that the Cave Sandstone 
and the tuffs that fill some of the vents, which are identical in 
composition, were derived from the shattering of pre-Cape and 
granite rocks, these latter being supposed to underlie the Table 



♦ Ueber einige eigenthttmliche Melaphyr-Mandelsteine aus Sud-Afrika, 
Neues Jahrbuch, 1875, p. 113, 

F 2 



Digitized by 



Google 



68 

Mountain Series, which in turn underlies the Dwyka Conglomer- 
ate, and succeeding conformable series up to the Molteno Beds, 
in the Matatiele Division. Whether the Table Mountain Series is 
really present, of course, is uncertain ; but at any rate the Cape 
or post-Cape rocks rest upon a basement which consists of 
granite and metamorphosed sediments. These basement rocks 
crop out on the surface on the east of the Umtamvoona River, in 
Natal, and it win be of the highest interest to see whether these 
Natal rocks contain the minerals necessary to form the Matatiele 
tuffs. 



SYNOPSIS OF THE CLASSIFICATION ADOPTED. 

Class A : Dolerite, with phenocrysts. 

Class B : Basalt, with phenocrysts, microcrystalline base of fel- 
spar and green augite. 

Class C : Dolerite, without phenocrysts. 

Class D: Dolerite, with phenocrysts and a small amount of 
residual green glass. 

Class E : Basalt, with glassy to microcrystalline base ; no green 
augite. 

Class F : TachyUte. 

Class G : Dolerite, not belonging to the volcanic series. 

Class H : Clastic volcanic rocks, tuffs, and agglomerates. 



Amygdaloid, easternmost neck on Eyrie. 
Slide No. 866 A compact, fine-grained crystalline rock, black. 

Class E wiiij many bright cleavage faces of felspar. A 

few large irregular amygdules filled with calcitc 
and opaL 

Under the Microscope : — 

Felspar in laths, usually a single albite twin ; alteration sets 
in along composition plane and proceeds outwards, or from the 
outside inwards, commencing with little vertical pegs, the former 
more common. 

Augite represented by a mass of chlorite, with the original 
prismatic cleavage still discernible. 

Olivine and glass now lost in general decomposition with 
calcite and green zeolitic minerals. 

Magnetite in scattered crystals. 

Amygdules filled with calcitc. There is evidence that the 
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matrix was originally distinctly more glassy in the neighbour- 
hood of the larger amygdules. 

Amygdaloid, easternmost neck on Eyrie. 
Slide No. 867 The same appearance as the rock of slide No. 

Class E 866 

Under the microscope: — 

Felspar in small laths, fairly fresh, magnetite in abundance ; 
all other minerals altered to chlorite and calcite; glass also. 

Zeolitization of felspars sets in from composition plane of the 
twins. 

Granules of clear, colourless zeolite in the chlorite and calcite. 

Amygdules with green zeohtes and calcite; abundance of 
opaque specks, possibly magnetite. 

Amygdaloid, Drakensberg, Eyrie. 
Slide No. 870 A greyish green, fine-grained crystalline rock, 

Class E ^^ porphyritic elements apparent Very small 
white patches, representmg felspar. Rounded 
amygdules of calcite and colourless zeolites. 

Under the Microscope : — 

Felspar fairly fresh, in laths. 

Augite represented by green patches of chlorite, often with 
glass-clear grains scattered through it. 

Calcite filling in cavities with borders or included zones of 
zeolites. 

Cavities irregular, with the felspar laths protruding into them. 

Magnetite in abtmdance. 

Lava from the Drakensberg on Eyrie. 
Slide No. 871 A moderately fine-grained rock, with bright 

Class E cleavage faces of felspar. Weathered some- 
what. 

Under the Microscope : — 

Felspar in stout laths, idiomorphic, fairly fresh. 

Augite grown ophitically with the felspar, usually in large 
individuals. Pinacoidal cleavage, irregular, but much more 
marked than the prismatic ; the two can be well seen in trans- 
verse sections, and whereas no decomposition has set in along 
the prismatic, it has advanced steadily along the pinacoidal 
cleavage. In longitudinal sections, this pinacoidal cleavage 
makes the augite have much the appeanmce of olivine. 

Olivine represented by patches of serpentine. 

Greenish or yellowish glass with felted fibres of felspar. 

Magnetite in large crystals, enclosing colourless glass ; also to 
great extent the product of decomposition of olivine, for a ser- 
pentine centre is often seen. 



Digitized by 



Google 



70 

Irregular cavities, lined with green fibrous zeolites, and filled 
with calcite, quartz, and colourless zeolites. 

Included fragment in agglomerate neck. 
Slide No. 878 N'Quatsha. 

Class E A black, compact, very minutely crystalline 

rock, with occasional bright faces of minerals, 
mostly felspar. A great quantity of vesicles, filled with clear 
calc spar and fibrous white zeolites. 

Under the Microscope : — 

Felspar, augite, and olivine imbedded in an opaque reddish 
matrix. 

Felspar in slender or stout laths, often with a tendency to 
form radiating or geometric patterns ; completely zeolitized. 

Augite sometimes quite fresh, strong tendency of the smaller 
granules to adhere to the felspars ; orthopinacoidal twinning 
sometimes present. 

Olivine completely altered with a separation of magnetite, 
now reduced to red oxide ; interior of the granules occupied by 
a clear, colourless mineral. 

Amygdules filled with calcite, rounded, with a more glassy 
matrix than usual forming a rim. 

Pipe-amygdaloid, Drakensberg, N'Quatsha 
Slide No. 879 A red, drusy rock, splotched over with large 
Class E aggregates of white felspar, often radially ar- 
ranged. Branching blow-holes, 6 inches and 
more long ; often not filled in. 

Under the Microscope : — 

Large phenocrysts of felspar, wholly altered, with twin 
lamellation still discernible, but sometimes in large aggregates. 
Individuals, often with abundant glass inclusions, ranged parallel 
to the crystal faces. 

Small augite phenocrysts, changed to chlorite. 

Rest of the rock consists of glass, strongly pigmented with 
haematite, and with a felted mass of felspar microlites and 
feathery devitrification growths. 

Long amygdules of calcite. 

From hill, S.W. of N'Quatsha's Nek road 
Slide No. 880 A greenish black, moderately coarse crystal- 
Class A ^^^^ rock, with felspars, black augite, and green 

fresh-looking olivine. 
Under the Microscope : — 

Porphyritic crystals of felspar, twinned according to the Carls- 
bad and albite laws, occasionally according to the pericline law, 
and on an obhque axis. Zoned, with more basic interior. Often 
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untwinned, or a broad, non-lamellated crystal twinned on a nar- 
row, lamellated one. The larger crystals have linear inclusions 
of glass, and occasionally augite, parallel to the crystal faces. 
The larger, stouter crystals often form aggregates. Laths of 
felspar always twinned according to the albite law, sections 
parallel to the clinopinacoid show basal cleavage. 

Augite in large individuals, forming a base for the smaller 
felspars, but seldom showing crystal faces. 

Olivine in large rounded grains, with serpentine alteration 
along cracks, sometimes shows remarkably sharp crystal faces. 

Magnetite in long linear aggregates or separate octahedra, 
sometimes as shapeless lumps; usually found in the residual 
glass. Larger octahedra sometimes with colourless, glass-clear 
centre. Matrix either brown and glassy, with small, white, 
highly refractive granules, or microcrystalline, with felspar laths 
and augite. 

Average size of the crystals in millimetres : — 

Felspar phenocrysts 3.2 x .8 

aggregates 4 x 1.6 

laths 8 x .25 

Olivine 1.6 x .8 

From dolerite sheet, S.W. of N'Quatsha's 
Slide No. 881 Nek road 

Class B ^ glossy black rock, with large fresh crystals 

of felspar, with bright cleavage faces; matrix 
stony, with bright specks in it. 

Under the Microscope : — 

Felspar in porphyritic crystals, usually much broken, and 
sometimes in granular aggregates, enclosing glass between the 
granules. Shadowy twin-lamellation is sometimes seen in the 
larger crystals. The inclusions are usuaiiy of glass, but augite 
is also present, and the latter seems to be of earlier origin than 
in the rocks of Class A. Felspar in the grotmd-mass is in 
stumpy laths, with the usual albite twinning. The laths are 
indented by the augite, but ophitic interjgrowth also occurs. 

Augite is in small bright granules, light green, and seldom 
shows crystal faces ; it forms with the felspar and magnetite the 
bulk of the rock. 

Olivine in large rounded lumps, much altered to serpentine, 
which may be light green or yellow, and sometimes with rim 
of magnetite. 

A little residual glass, with long needles of forming felspar and 
magnetite. There is also present small quantities of a green 
glass, with spherulitic devitrifications, and also a certain amount 
of a clear, colourless glass. 
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Average dimensions of crystals in millimetres :-— 

Felspar aggregates, 2 x 1.6; felspar phenocrysts, 1.4 x .6; 

felspar laths, .17 x .03, .08 x .015, .06 x .01 ; augite, .05 x .02 ; 

olivine, .8 x .6 ; magnetite varies from .04 to .cx)S. 

From dolerite sheet capping hill between 
Slide No. 882 Bramwell and Dell Cranney. 

Class B A glassy, black rock, with large fresh crystals 

of felspar, with bright cleavage faces. Matrix 
stony, with bright specks in it, somewhat oily lustre. 

Under the Microscope : — 

Felspar in porphyritic crystals, with inclusions of glass and 
augite ranged parallel to the crystal faces. Irregularly shaped 
lumps of felspar, with scattered inclusions; no twinning in 
these. In the larger crystals, pericline lamellation is sometimes 
present with the albite. 

Olivine in large lumps, completely changed to serpentine. 

These porphyritic elements are scattered throughout an ex- 
tremely fine granular matrix, composed of green augite and 
felspar. The felspar laths are stumpy, and the augite, although 
seldom showing faces, is clearly not subsequent to the felspar. 
A small amount of interstitial glass occurs round the minute 
crystalline elements 

There are also patches of a brown or inky-grey glass, through 
which are scattered broad, untwinned crystals of felspar ; augite, 
often sharply idiomorphic, with octahedra of magnetite adhering 
to the crystals; and some rounded patches of serpentine, re- 
presenting olivine. Incipient devitrification is evident in this 
glass. There are also patches of colourless glass, similar to 
that often seen in the interior of larger crystals o* magnetite, 
and a light green glass, with spherulitic growths. . 

Average dimensions of crystals in millimetres : — 

Felspar, porphyritic, .8 x .3, i.o x .25 ; felspar, laths, .035 x 
.01, .06 X .06; olivine, .5 x .5 ; augite, .03 x .025, .14 x .035 ; 
magnetite, .06 x .02, .04 x .04. 

Fragment from agglomerate, volcanic neck 
Slide No. 889 on the east of the river on N'Quatsha 

Class E ^ purplish red, stony rock, with occasional 

dull felspar laths. Large aggregates of felspar 

laths, usually in radiating bundles. A great number of vesicles 

filled with calcite in the lower half; these are pipe-shaped, J 

inch in diameter. 

Under the Microscope : — 

Felted mass of small felspar laths, and feathery radiating 
groups of the same. A larger generation of stout laths, and a 
fourth or oldest generation of stout columnar crystals, often 
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gathered together into leirge aggregates, and having crowds of 
glass inclusions parallel to their crystal faces. 

Augite in moderately abundant, small crystals, replaced by a 
non-pleochroic green mineral. 

Amygdules filled with calcite, with green borders ; the matrix 
is more glassy in the neighbourhood of the larger blow-holes. 
The holes are rounded, sometimes with vertical projections ; 
a:so linear series of blow-holes. 

Dolerite from westernmost conical hill on 
Slide No. 891 Eyrie. 

Class A ^ greenish black rock, with felted mass of 

glassy laths of felspar, and also larger crystals, 
with bright cleavage faces. Fine grained. 

Under the Microscope : — 

Fekpar in ill-formed phenocrysts and in aggregates, in which 
the boundaries of the individual crystals are irregular and 
rounded. The larger crystals often imlaminated, but with zones 
of growth ; pencline twinning sometimes shows as well as the 
more common albite. Glass inclusions either parallel to the 
crystal faces or irregularly scattered throughout the central por- 
tion. The crystals sometimes with quite irregular boundaries, 
either due to corrosion or to the fact that the outside growth of 
the crystal filled up irregular spaces in the magma (lepto- 
morphous). 

Augite forming a base for the smaller felspars. 

Olivine fresh, with slight amount of serpentinization. 

A very little residual glass, with felspar microlites and magne- 
tite. 

Dolerite dyke behind Belmont house. 
Slide No. 892 A very fine-grained black rock, with bright 

Class G cleavage faces of minerals, mostly with rounded 
outline. 

Under the Microscope : — 

Felspar in laths, with mdefinite terminations often cor- 
roded ; others are dusty with inclusions. Usually a single twin, 
but pericline twinning is occasionally also present. 

Augite sometimes included in the felspar. Usually in large 
grains, which are invaded by the ends of felspar laths. Alters 
sometimes to strongly pleochroic brown hornblende, with a 
green border; single refraction of the hornblende lower, but 
double refraction higher than the augite, sometimes fibrous 
(uralite), but usually massive. 

Olivine mostly changed to serpentine, only small centres of 
unaltered substance left. 

Magnetite in largish octahedra, with colourless isotropic 
centres, and as a fine dust, Ilmenite. 
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Cloudy patches in between the mosaic of crystals seem to re- 
present residual glass, but the substance is probably a late de- 
velopment of felspar. 

Average dimensions of crystals in millimetres: — 
Felspar, .2 x .12, .28 x .04; augite, .13 x .23, .8 x .09; olivine, 
.1 X .07 ; magnetite, .07. 

Dolerite from Rankakata^s Nek. 
Slide No. 893 A moderately coarse-grained rock, black, with 

Class D greenish black augite, olivine, and in less pro- 
portion felspar, glassy, but discoloured brown. 

Under the Microscope : — 

Felspars in large aggregates made up of laths, with or with- 
out inclusion of augite in the angles; also stout columnar 
crystals, which show strong cleavage parallel to the basal plane. 
The ends of the smaller laths often embraced by an isotropic 
substance pseudomorphous after the felspar, with very low single 
refraction, may oe referred to analcite ; same mineral also forms 
thin laths adherent to the larger felspars. The felspar is a basic 
Icibradorite showing the ordinary twin-lamellation. 

Augite is sometimes with well-formed crystal faces, but usually 
formed independently of, though later than, the felspars. Fre- 
quently with the usual orthopinacoidal twinning. A colourless 
or slightly ruddy mineral. 

Olivine in moderate-sized individuals, usually fresh, with a 
Httle green serpentine forming along cleavage cracks. Outline 
rounded, never crystalline. 

Magnetite in large crystals, enclosing felspar and augite. 

Apatite in very long needles or in stouter crystals, showing 
hexagonal sections ; basal cleavage very marked. Cavities with 
bubbles in them in the centre, elongated in direction of length 
of crystal ; occurs mostly in the glass. 

Small amount of green, granular glass, with developing hollow 
crystals of felspar, apatite, needles of a highly refractive mineral, 
and an isotropic substance, possibly analcite. 

Coarsely crystalline dolerite from Rankakata's 
Slide No. 894 Nek. 

Class D A fairly coarse-grained, black rock, with large 

porphyritic crystals of augite, with well-formed 
faces. Thin laths of glassy felspar ; small fresh olivine crystals. 

Under the Microscope : — 

Felspars large phenocrysts, zoned and untwinned, or with 
shadowy lamellation. The lath-shaped individuals aggregated 
in bunches of columnar crystals, rarely granulated. The sides of 
the felspar crystals are often corroded by the green glass, which 
penetrates the substance of the crystal in the form of pegs. 
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Augite in very large individuals, forming an ophitic base for 
the felspars. In the glass there is a more ferruginous augite in 
small idiomorphic crystals, surrounded by crystals of iron ore. 

Olivine in Icurge lumps, seemingly later than the felspar, against 
which it abuts. 

Glass white and transparent, or green and fibrous, the latter 
variety often with ill-formed laths of felspcu:, sometimes hollow ; 
needles of apatite ; augite usually with magnetite, and magne- 
tite in separate crystals, and sometimes ilmenite. 

Dolerite from the neck in Cave Sandstone 
Slide No. 901 west of the kloof on Glen Alfred 

Class B ^ fine-grained, holocrystalline rock. Small 

specimen rather weathered 

Under the Microscope : — 

Felspcu: in stumpy laths, imbedded in a matrix, now changed 
to chlorite, serpentine, and calcite. 

Felspar is clouded, but not decomposed. 

Magnetite. 

There appears to have been some residual glass, but this is 
now entirely altered by devitrification. 

Amygdaloid in tuff neck on ridge between 
Slide No. 903 Deer Park and Glen Alfred 

Class E Greyish green, compact, crystalline rock, with 

bright cleavage faces of minerals. No porphy- 
ritic crystals apparent. Long amygdules, filled in with calcite 
and quartz, with a hackly fracture. 

Under the Microscope : — 

Laths of felspar, with augite in a glassy base, very much 
altered 

Felspar completely zeolitized, sometimes with calcite, by in- 
filtration. 

Augite altered to chlorite and calcite. 

Olivine, no recognisable forms. 

Iron ore in very small quantity. 

Amygdules filled with zeolites and carbonates, the latter form- 
ing a brown granular mass with the high refraction of the car- 
bonates. 

Amygdaloid in tuff neck between Deer Park 
Slide No. 904 and Glen Alfred 

Class E ^ ^^S^^ green rock, with large felspars. Small 

flecks of blood-red iron ore and pyrites. Small 
amygdules. 

Under the Microscope : — 

Felspar in fairly large laths, with a tendency to form rosettes. 
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or a group with one very long lath and a bunch of smaller ones 
crossing it in the centre. 

Augite in granules lying scattered or clustering about the 
felspar laths ; changed to a green chloritic mineral with calcite. 

A very large amount of brown glass, with small microlitic 
laihs of felspcir and strings of iron-ore crystals. A good deal of 
calcite in the glass, which may represent original augite or oli- 
vine, or may be merely an infiltration. 

Dolerite in tuff neck between Deer Park and 
Slide No. 905 Glen Alfred 

Class B ^ compact, greenish grey crystalline rock, 

with small irregular spaces filled with quartz and 
opal. 

Under the Microscope : — 

The same as slide No. 901, but the felspar rather fresher. 

Dolerite from the high volcano on Deer Park. 
Slide No. 906 A dark grey, compact, crystalline rock, with 

Class J\ glassy felspars and a little green oHvine. 
Under the Microscope : — 

Large phenocrysts of felspar, with zones of growth and with 
crowds of glass inclusions arranged parallel to the crystal faces. 
Larger crystals show twinning on the Carlsbad law. Aggrega- 
tions of large phenocrysts of felspar ; sometimes with irregular 
and corroded boundaries and surrounded by augite ; also inde- 
pendent laths, intergrown with augite. 

Augite, sometimes small idiomorphic crystals in the glass, 
with minute octahedra of magnetite sticking to them ; usually 
in large individuals, forming a base for the felspar laths. 

Large olivine altered to some extent to serpentine ; in rounded 
grains. 

Magnetite often with colourless, transpcurerit centres. 

Residual glass, devitrified with fibrous microlites very sparingly 
present. 

Amygdaloid, second lava flow, volcano No. 4 
Slide No. 907 Deer Park. 

Class E A greenish grey or black rock, weathering to 

a light maroon. Stony, with very few crystalline 
faces. 

Under the Microscope : — 

Matrix a brown glass, devitrified with feathery growths, micro- 
crystalline in parts. A few small phenocrysts of felspar and less 
frequently of augite ; these altered completely, while still re- 
taining their shape 
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Ropy surface of first lava flow, volcano No. 4 
Slide No. 908 on Deer Park. 

Class E A puce-coloured, stony rock, with irregular 

flecks of dark green material, with light powdery 
centres, large, irregular cavities, filled in with a soft white radia- 
ting zeolite ; surface of ropes smooth, sometimes ribbed. The 
piece selected for sectioning was without vesicles. 

Under the Microscope : — 

Matrix stony, with reddish grey spherules of a granular sub- 
stance arranged in radiating fibres and a more dense granular 
substance between. 

An irregular system of cracks filled in with haematite. 

Stout crystals and laths of felspar, usually grouped in bunches. 
Augite scarce, in idioinorphic crystals, also in small granules be- 
tween the laths of felspar ; even the larger crystals show a ten- 
dency to cling to the felspars. 

Both felspar and augite are completely altered. 

Dyke in amygdaloid, W. of Makomereng. 
Slide No. 909 A dark, grey-green rock, with bright felspar 
Class laths. 

Under the Microscope : — 
Felspar laths fairly fresh, but the rest of the rock -substance 
represented by cloudy alterations; augite, olivine, magnetite, 
and glass. 

Crushed-up material on north side of dyke, 
Slide No. 910 west of Makomereng. 

Class C Fresh purplish rock, with bright cleavage 

faces of felspar, sometimes discoloured brown. 
Under the Microscope : — 

Felspar in laths with twin lamellation still visible, though now 
completely altered 

Augite fills in base ophitically ; altered on the outside with 
separation of magnetite. 

A good deal of opaque red material, which may represent 
some original constituent by alteration, or may be interstitial 
glass. 

A few small amygdules. 

The whole much altered, with calcite infiltration. 

Amygdaloid from Drakensberg, west of Mako- 
Slide No. 911 mereng. 

Class E ^ compact, blue-black rock, weathering 

brown, with dull latlis of felspar. Many long- 
drawn-out amygdules filled with various zeolites, hackly quartz, 
and opaj. 



Digitized by 



Google 



78 

Under the Microscope: — 

Felspar porphyritic crystals; twinning still discernible, but 
altered to a mosaic of alteration products, scolecite, etc. Small 
laths, stumpy, with slight tendency to form lateral aggregates. 

Aug^te in small grains, usually adherent to the felspars. 

Large crystals of olivine, altered to serpentine. 

Brown glass filling in all interstices, with felspar microlites in 
feathery bunches, with minute bright specks of augite 

Centre of weathering, north side of dyke, 
Slide No. 915 south of the shop Makomereng, on the farm Re- 
Class D treat. 

A fine crystalline black rock, with no porphy- 
ritic elements apparent, but augite in moderately large crystals. 

Under the Microscope : — 

Large phenocrysts and aggregates of felspar, often without 
lamellar twinning, or in the form of a single Carlsbad twin, with 
perichne lamellations. Individuals with albite lamellation also 
twinned after the Carlsbad law. Long laths of felspar and 
aggregates either wholly irregular or formed by lateral accretion. 
Light green patches of non-pleochroic green material resulting 
from the decomposition of the felspars. 

Large bits of a strongly pleochroic green material, with cleav 
age like that of mica, extinction always parallel to the cleavage, 
and double refraction a little less than augite. 

Microcrystalline base, formed of felspar laths and augite, now 
entirely changed to chlorite. 

A large number of small grains and aggregates of grains of 
epidote, sometimes in fairly large crystals, glass clear and colour- 
less, with strong basal cleavage, or more usually in dusty, ye' 
lowish granules. Has characteristic high double refraction, but 
not so high as sphene for which some of the grains from their 
colour and shape might be mistaken. 

Spaces occupied by brown glass with fibrous bundles of de- 
veloping felspar, hollow crystals of felspar, green alteration 
minerals, and rounded bits of quartz. Whether these last are 
bits picked up by the dyke, or original constituents, or again, 
secondary secretions, it is impossible to say. Inclusions of sand- 
stone also occur 

Dolerite from middle ridge, Makomereng. 
Slide No. 916 A compact, grey, crystalline rock, with bright 
Class E cleavage faces of minerals. Weathers with 

separation of haematite. 
Under the Microscope : — 

Felspar in laths, sometimes fresh, but mostly altered to gjreen 
'-nd white zeolites. 
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Augite, ophitic, usually perfectly fresh. 

Olivine, recognisable by its form, though wholly altered to 
serpentine or chlorite on outside, and calcite in the interior. 

Glass, white, with felspar laths encrusted with small granules 
of augite ; magnetite altered to haematite ; independent grains 
of augite ; and amygdules, with green border of strongly pleo- 
chroic green substance, probably delessite, cloudy carbonates in 
the interior. 

Dolerite dyke above middle ridge, north of 
Slide No. 917 Makomereng. 

Class E A moderately coarse-grained crystalline rock, 

somewhat weathered, in which light olive-green 
olivines and glassy felspars in laths and aggregates can be dis- 
cerned. 

Under the Microscope : — 

Pelspar in porphyritic lumps, granulated, and with outer zones 
later than the augite ; frequently zoned. 

The finer felspar laths are clearly earlier than the augite, 
which is grown ophitically round them. In places there is peg- 
matitic or simultaneous intergrowth, when the laths do not have 
their crystalline boundaries, but usually it is not so. 
Augite, light ruddy variety, with usual high extinction. 
Olivine in very large grains, with the usual cracks and serpen- 
tine alterations ; very fresh in the larger bits, but smaller ones 
altered to serpentine and haematite. 

A little colourless glass, with felted microlites and magnetite. 
Long needles of a highly refractive mineral, with extremely 
small cross sections, run through the glass into the serpentine 
and felspars. 

Dolerite flow on the amygdaloid, ridge to the 
Slide No. 918 west of Makomereng. Part of a centre of 

Class A spheroidal weathering. 

A moderately fine-grained crystalline rock, 
with crystals and laths of felspar, and larger patches of a brownish 
minerd (augite). 

Under the Microscope: — 

Felspar in large lumps, granulated, with or without inclusions. 
Smaller laths seldom with full natural boundaries, being inter- 
grown contemporaneously with the augite ; also arranged in ir- 
regular aggregates. 

Augite, colourless, with strong relief ; twinned, sometimes en- 
closes olivine. 

Olivine, perfectly fresh, or serpentinised, or altered to serpen- 
tine and magnetite, or entirely magnetite. 

Original magnetite ; often transparent red films of iron-ore. 



Digitized by 



Google 



8o 

A good deal of interstitial bright green material, may repre- 
sent glass. 

Tachylite, occurring as a vein in the dolerite 
Slide No. 919 forming the great dyke west of Makomereng. 
Class F A black glass, without lustre, in which there 

are embedded small bright porphyritic crystals 
Brownish veins, branching. On the outside of the lump there is 
a smooth greenish skin, about J-inch thick. In a larger speci- 
men tne veins are green, bordered with black, with a black 
centre, and the brown is in spherulitic groups in the black 
ground mass. 

Under the Microscope : — 

A black glass, with porphyritic crystals of felspar and augite, 
and segregation veins of green augite and felspar. 

Matrix varies from an opaque black glass through yellow- 
brown to white. Irregular cracks, not perlitic Incipient devi- 
trification, spherical, forming small rounded blotches, lighter than 
the surrounding glass. Scattered black dots, magnetite in all 
probability, aggregate along the cracks. 

Felspar, with stout rectangular sections, with high extinction 
indicating a basic labradorite ; often with a sharply defined outer 
border of a less basic variety. Either in single crystals, or 
joined side by side, or joined anyhow, or finally in large, close 
aggregates. Sometimes in fine laths, with small crystals of 
augite adherent, the whole making a separate porphyritic ele- 
ment, anJ sometimes the grains of augite run together, forming 
one individual when an ophitic element is produced. 

Augite, in multiple intergrowths, or in separate individuals, 
showing the orthopinacoidal twinning. Sometimes with sharp 
crystal faces. Fresh and strongly refractive, high double refrac- 
tion ; colour shghtly ruddy. 

Some spaces with prism and pyramid faces now filled in with 
serpentine represent olivine, as the augite is always unaltered. 

Segregation veins, symnieLrical in section. On the outside there 
is a zone of opaque, black glass, inside of which there is a zone of 
incipient globular de\atrifications which contain minute green 
augite granules and felspax crystallites. This merges on the in- 
side into a layer of granular material, consisting of the same 
minute green augites and felspars with a few grains of magnetite. 
Then in order, come : — a zone of magnetite octahedra ; a granular 
layer more cloudy than the former one, again with minute green 
augite and felspar. Large laths of felspar are seen indistinctly 
through the cloud of granules, standing up at right angles to 
the sides of the veins. Inside of these comes a zone of 
columnar crystals of green augite, standing, some at right 
angles to the sides of the vein, others at all angles. The centre 
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of vein consists of felspar, labradorite, in large crystals, with 
albite twinning, very fresh and distinct, with occasional brown 
discolouration. The augite needles were all formed before the 
consolidation of the felspar, which seems to have remained in a 
molten state in the centre of the vein for some time after the 
augite was formed ; very little residual glass was left when the 
felspar finally crystallized out. 

The porphyritic crystals and grains in the glass penetrate and 
lie across the segregation veins, which are unaffected by them. 

Calcite, magnetite, and colourless glass also occiu: in the centre 
of the veins. The last is sometimes crowded with granules, at 
other times is glass-clear. With the glass-clear vsuiety there 
are often thin films of purplish glass which is sometimes also 
found between the felspar crystals. 

The minute augite granules in the divitrified glass are the 
same as the green augite in the centre of the veins ; the same 
mineral is found also in the microcrystalline base of rocks classed 
under B. This augite occurs in the veins in long columns, ter- 
minated by well-formed dome faces, and with sections usually 
octagonal, showing that the prism and two pmacoids are more or 
less equally developed. A rough cleavage is sometimes shown 
though the columns are so minute, and it seems to be parallel to 
the orthopinacoid. Very large examples measure .i x .3 milli- 
metres, but an average column measures .2 millimetres long by 
.02 in section ; the granules are about .002 millimetres in 
diameter. The colour is a vivid green, with a very slight change 
to a more yellowish green ; the mineral, therefore, is not acmite 
or aegirine, but may be classed as diopside. It is in one instance 
seen to be intergrown with the light ruddy variety. 

Dolerite from great dyke in kloof west of 
Slide No. 920 Makomereng. 

Class D A dark grey-black crystalline rock, in which 

the lath-shaped glassy felspars are conspicuous. 
No porphyritic elements can be noticed. 

Under the Microscope : — 

Felspar in stout crystals, often aggregated into large clusters. 
Clearly earlier than the augite, though grains of the latter often 
intrude into the substance of the felspar, showing that the outer 
layers of the latter were formed after the augite was crystallised 

Felspar forms by far the largest proportion of the constituent 
minerals. 

Augite, with slight ruddy colour, in small grains. Fairly large 
patches of serpentine and calcite represent original olivine; 
augfite granules, unaltered, enclosed in the alteration products. 

Magnetite in irregular grains or long threads. 

[G. 6—1903.] G 
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Glass, green granular material with felspar laths. The latter 
often hollow forms. A glass-clear, long, lath-shaped mineral, 
often in radiating groups, square ends and square sections. Also 
an isotropic substance, apparently pseudomorphous after fel- 
spar, for it occurs in small laths, possibly analcite. 

Amygdaloid, from lava neck, east of Trappists' 
Slide No. 923 Mission Station, George Moshesh's Country. 

Class E ^ bright grey, very ^^ose crystalline rock, 

showing a felting of small felspar laths; small 
round vesicles filled in with white zeolites. 

Under the Microscop>e : — 

Porphyritic crystals of felspar and augite in a glassy matrix. 

Felspar in laths, and in larger crystals, zeolitized. 

Augite in granules, fresh. Also in porphyritic crystals altered 
to a green substance, fibrous, with pleochroism from dark grass- 
green to colourless, delessite. 

Glass, brown, in fair quantities. 

From great volcanic neck between George 
Slide No. 924 Moshesh's Country and N'Kau's. 

Class A ^ fine-grained, dark-grey crystalline rock in 

which there are embedded small porphyritic 
crystals of felspar. 

Under the Microscope : — 

Porphyritic "-^'stals of felspar, augite and olivine, and aggre- 
gates of felspar ; mterstitial brown glass. 

Porphyritic felspar in very irregular forms, freely indented by 
the augite ; usually in stout crystals, aggregated in lumps with or 
without glass in between. Sometimes the boundaries of the 
constituent felspars in the aggregates are rounded. Larger 
grains of felspar are often without twin lamellation, or this may 
appear shadowy; strong zoning in such grains, and edges 
rounded or corroded as if they were the first-formed mineral, and 
had remained some time floating about in the molten magma 

Felspar of matrix in small laths, symmetric extinction of these 
on either side of the twin plane goes over 30^. More stumpy 
laths twinned according to the Carlsbad as well as the albite law. 
Laths show a tendency to form pegmatitic intergrowth with the 
augite. 

Augite of matrix in small granules, with a slight ruddy tinge. 

Olivine varies in freshness, alters to a green serpentine. 

A yellowish green alteration product may also represent 
original olivine. 

Glass brown, but under high powers resolved into a colourless 
base, with crowds of brown specks, and a fibrous, colourless 
mineral, probably incipient felspar. 
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Magnetite mostly occurs in the glass, frequently with en- 
closures of colourless granular glass. 

Dolerite neck between George Moshesh's 
Slide No. 925 Country and N'Kau's. 

Class E A puce-coloured rock with flecks of green 

glass. 

Felspar in laths completely zeolitized, much hght green altera- 
tion products. 

Augite quite fresh in rounded grains. 

A great quantity of green alteration material, probably serpen- 
tine after olivine. The large quantity of this reminds one of 
the dolerite flow to the south, on Manning, slide No. 929, which 
is the only fresh rock in the district containing so much olivine. 

A fair quantity of glass, devitrified, with flecks of magnetite 
altered to haematite. 

Dolerite from ridge about two miles north of 
Slide No. 927 Hlaganello's stadt. 

Class A ^ ^^^y coarse-grained crystalline black rock, 

with large and numerous phenocrysts of glassy 
felspar. 

Under the Microscope :— 

Felspar phenocrysts zoned, and twinned according to the al- 
bite, Carlsbad and pericline laws. Frequently forms large aggre- 
gates which are granulated or made up of felspars with rotmded 
or irregular borders. Also small felspar laths. 

Augite usually with ophitic intergrowth of small felspar laths, 
but sometimes alone. In the latter case the augite is often 
twinned along the usual orthopinacoid plane, or two crystals with 
different optical orientation are intergrown irregularly parallel to 
this plane. 

Olivine represented by patches of serpentine; magnetite in 
hollow growth forms. 

Matrix, a fine-grained aggregate of felspar laths and augite 
granules with patches of colourless glass rendered cloudy with 
specks of magnetite. 

Dolerite on western hill of Manning. 
Slide No. 929 A very heavy crystalline rock, moderately 

Class D coarse-grained. Much green olivine, black au- 
gite and felspar laths. 

Under the Microscope : — 

Felspar and olivine embedded ophitically in augite. Felspar 
in long laths, showing often the pericline as well as the albite 
twinning ; no definite zoning but a gradual increase of basicity 
in the interior of some. Lammellae sometimes bent. Indicative 
of strain after crystallisation. 

Q 2 
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Augite in large individuals, greyish. 

Olivine very abundant, but mostly in granules of moderate 
size, no large lumps. Mostly fresh, but adteration commeiioino 
along cracks. 

A very small amount of greenish glass, containing hollo>v laths 
of felspar and needles of a highly refractive indeterminate 
mineral 

Dolerite from central hill on Manning. 
Slide No. 930 A moderately, fine-grained black rock in a 
Class E block about i^ inches thick, with a browinsh-red 
rough, weathered coat on either side. Large 
felspars, with bright cleavage faces. 

Under the Microscope : — 

Felspar in large, stout crystals and aggregates ; also smaller 
laths and irregular forms intergrown with augite. The larger 
crystals have a great number of glass inclusions ranged parallel tc 
their crystal faces. 

Augite only in grains ophitic with the felspar laths. 

A great amount of olivine in irregular gjains, mostly altered to 
serpentine. 

Magnetite in long threads. 

A fair amount of interstitial matter consisting of devitrified 
glass with fibrous radiating groups, which may be split up under 
high powers into crystallites of felspar and minute granules of 
augite. 

Dolerite from easternmost hill on Manning. 
Slide No. 931 A black crystalline rock with much glassy 
Class E felspar in moderately large crystals. 

Under the microscope : — 
Felspar, augite and olivine in a glassy base ; the last with 
well-formed small laths of felspar ; otherwise the same as slide 
No. 930. 

Dolerite overlooking Oude Comer's Camp. 
Slide No. 932 A greenish black, moderately coarse crystal- 
Class D line rock ; ground colour black, augite, with 

clear crystals of felspar and green olivine. 
Under the Microscope : — 

The greater portion of the rock consists of an ophitic inter- 
growth of small laths of felspar and augite, the latter often in 
large individuals. 

A small amount of green glass with the usual acicular, long 
thin needles of an indeterminate highly refractive mineral, oc- 
curing in parallel and radiating groups. The larger felspars 
have often a zone of a mineral of lower refractive index on the 
outside, possibly a partial pseudomorph of scolecite ; bits of this 
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are sometimes broken away from the felspar as if by movement 
after consolidation. 

Dolerite from south side of Jordan River. 
Slide No. 933 A black crystalline rock with large glassy fel- 
Class D spars. 

Under the Microscope : — 

Felspars in stout laths, very abundant. 

Augite in large individuals enclosing the felspars ophitically ; 
quite fresh. 

Olivine represented by a few patches of serpentine ; occasion- 
ally a small centre of unaltered mineral is present. 

Magnetite in fairly large rods and irregular lumps. Green 
glass with spherulitic devitrification ; hollow laths of a mineral, 
probably pseudomorphous after a felspar, for the large felspars 
that protrude into the glass have a zone of the same material as 
the substance of the hollow crystals in optical continuity with 
them ; the mineral is sometimes isotropic or with straight extinc- 
tion, and from this grades gradually into recognisable felspar; 
it is probably a zeolite. There are often acicular crystals of ex- 
treme tenuity, and with high refraction, scattered through the 
glass in parallel groups. 

Lava flow, York, near Ongeluk's Nek. 
Slide No. 938 A slate-coloured rock ; very compact, crystal- 
Class D line base, full of large vesicles of an irregular 
shape, lined with a rough brown crust and filled 
with a soft, black substance and films of calcite. 

Under the Microscope : — 

Augite and felspar in stony matrix, both quite fresh. 

Porphyritic felspar in square forms and long laths consisting 
of a single albite twin and odd-shaped bits without any crystal- 
line shape, leptomorphous. 

Augite of the light ruddy variety, in granules. 

Matrix, a greenish glass with abundant hollow crystals of 
felspar, magnetite, and colourless needles of a highly refractive 
mineral, minute laths of felspar, and crowds of opaque specks. 

A warm brown to olive green mineral, probably serpentine, 
may represent original olivine. 

Amygdaloid, N. side of York. 
Slide No. 939 A heavy black rock, with much brown, glassy 
Class E material. Rounded portions of black stony ma- 
trix with minute bright laths of felspar. A few 
cavities filled with a brown earthy material. 
Under the Microscope : — 
Felspar in large broad crystals, zoned, also irregular bits with 
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shadowy lamellation ; siggregates usually granulated; qxn 
fresh. Smaller laths stout, with sharp terminations. 

Augite in large crystals, forming base for the felspar laths 
(ophitic structure); quite fresh; frequently twinned. Smaller 
crystals in glassy matrix, idiomorphic, slightly more refractive 
than the larger forms, and with little magnetite octahedra stick- 
ing to them. 

Green or yellow very pleochroic serpentine in fair quantity, 
represents olivine. 

Glass full of black specks, arranged like iron filings in a mag- 
netic field Long shreds of magnetite, also in small crystals. 
A small amount of alteration in the glass, turning it yellow. 

Amygdules with yellow borders of fibrous zeolites, besides the 
centre consisting of colourless zeolites, carbonates and green 
minerak. 

Amygdaloid, east peak overlooking Onge- 
Slide No. 940 luk's Nek. 

Class E A ruddy buff -coloured stony rock with 

abundant bright cleavage faces of glassy fel- 
spar, many rounded, and irregular cavities filled in with veirious 
zeolites, some radiating, others occupying the whole space of the 
vesicle ; some white, some glass-clear, some discoloured brown. 

Felspar in long laths, completely zeolitized 

Augite quite fresh, in granular form, colourless, with slight 
ruddy tinge. Very abtmdant. A small amount of chloritization 
along cracks. 

OHvine perhaps represented by patches of indeterminate zeo- 
litic minerals surrounded by rim of magnetite. 

InterstitisJ glass in fair quantity, coloured red with flecks and 
strings of haematite, a reduction product of magnetite. 

Irregular spaces filled in with radiating clusters of colourless 
zeolites; these are doubtfully blow-holes, as the felspar laths 
project freely into the fiUed-up cavity ; they may be portions of 
the glassy magma that have been leached out, as Cohen holds, 
see supra, p. 67. 

Dolerite dyke in amygdaloid, Ongeluk's Nek 
Slide No. 941 road 

Class E ^ compact crystalline rock, black with much 

felspar in small laths. 
Under the Microscope : — 

Felspar in stout laths, often untwinned, but zoned ; sharp ter- 
minations. Aggregates usually by juxtaposition of crystals 
with a small amount of glass between constituents ; sometimes 
the aggregates consist of granules of felspar. 
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Augite ophitic with the felspar; quite fresh. 

Olivine, always altered to serpentine. 

Glass, green, with white shreds of forming felspar ; magnetite 
specks crowded round these latter. 

Magnetite crystals and threads, and hollow crystals of felspat 
also dispersed through the glass. 

Columnar basalt from York volcano. 
Slide No. 944 A fine-grained crystalhne black rock ; no por- 

Class E phyritic crystals apparent A few glassy 
felspars. 

Under the Microscope : — 

Fine-grained matrix of felspar, augite and glass, with porphy- 
ritic felspar and olivine. 

Felspar in stout crystals, sometimes in linear aggregates or m 
grains massed together. Laths in matrix short and stumpy, 
with definite terminations ; sometimes hollow forms or with smsi 
enclosures of augite and glass. 

Augite porphyritic and in granules clustered round the felspar 
laths. 

Olivine represented by green or yellow serpentine. 

Brown granular glass, with strings of magnetite and slireds of 
forming felspar. 

Amygdaloid, south-west side of York volcano. 
Slide No. 945 A light, puce-coloured stony rock, with small 

Class E irregular flecks of dark g^een material, also a less 
conspicuous light green material. Long amyg- 
dules filled in with white and green zeolites. 

Under the Microscope : — 

Felspar in long thin laths or in stout and stumpy forms, with 
a tendency to form aggregates ; larger crystals with clusters of 
glass inclusions parallel to their longer diameter, which some- 
times run together, cutting the crystal into separate shreds. The 
interior of the felspars altered to a light green zeolitic substance. 

Augite, with a slightly greenish tinge and very high refraction, 
simila; to the granules in the base of group B ; sometimes idio- 
morpl ic, but more usually intergrown with the smaller laths. The 
very ligh refraction makes the irregular cracks in the small 
crysf lis very prominent, but no trace of alteration has taken place 
alor ; them. 

C Avine changed to fibrous serpentine ; crystals have sharp out- 
lines, and are generally not rounded. In some cases there has 
been a separation of iron-ore. Matrix in fair quantity ; it is a 
cloudy brown glass with a good deal of small crystals of magne- 
tite scattered through it. 
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Irregular cavities filled in with light green and colourlesi^ 
cloudy matenais, tiie tormer usually lining the cavity with a 
fibrous layer. Felspar laths project freely into the cavity. 

Slide Xos. Amygdaloid lava, east side of York volcan*^ . 

046 047 ^ stony grey rock, with small rounded and 

r»i.>.'. D irregular vesicles filled with zeolites with a green 
Class D u J • r -i. 

^ border ; veins of pyrites. 

Under the Microscope : — 

Porphyritic crystals of felspar and olivine scattered through 
3 fine granular matrix of green augite, felspar and ^rlass. 

Felspar in porphyritic crystals, stout forms and long laths, the 
former frequently run together into large aggregates. Glass 
inclusions parallel to the long axis of the felspars, often joined up 
and occupying nearly as much space as the felspar itself. The 
clusters are sometimes compact, but more often the crystals are 
joined together at all angles, enclosing much matrix. The 
porphyritic crystals are altered, but never so much but that the 
original albite twinning is seen through the clouds of minute 
secondary crystals. 

Olivine in large irregular lumps completely changed to fibrous 
serpentine. 

Matrix, consisting of thin, ill-formed laths of felspar, often 
intergrown pegmatitically with the augiie. The latter in small 
granules usually, with strong relief and a slight greenish tinge. 

Glass is a greenish granular substance with flecks of haematite. 
Well-rounded blow-holes, often with branching tubules stretch- 
ing out towards neighbouring ones, also irregular cavities into 
which the ends of the felspars project. Both varieties filled in 
with a yellowish green zeolite, fibrous and radiating. 

Lava-flow on top of hill near York volcano. 
Slide No. 948 A light, puce-coloured rock, with dark green 

Class B irregular flecks showing crystaJ-faces. 
Under the Microscope: — 

Large clusters of porphyritic crystals of felspar much altered 
in the interior with development of comparatively large crystals 
of a greenish mineral. Substance of the crystal, however, is still 
unchanged. Small laths of the matrix without alteration. 

Matrix, fine grained, consisting of felspar laths, augite and 
glass, in which there are rounded blow-holes and irregulai 
cavities filled in with green zeolites and calcite. 

Augite in small granules, with strong relief, and a slight 
greenish tinge. 

Olivine not recognisable. 

Interstitial glass, brownish, granular, with flecks of haematite. 
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Dyke, southernmost of the three on the north 
Slide No. 949 of Inverness. 

Class B ^ stony rock, greenish black in colour, with 

small crystals of felspar in fair abundance, show- 
ing bright cleavage faces. Pyrites occurs in small rounded 
pockets along cracks or joints. 

Under the Microscope : — 

Porphyritic felspar and olivine in an extremely fine granular 
matrix of augite, felspar, and magnetite; no glass. 

Felspar in single large crystals, i x 1.5 millimetres in sec- 
tion, with entire crystal faces, but parts often slipped off along 
the pinacoidal cleavage, and lying in the matrix adjoining. Ag- 
gregates of smaller crystals showing albite and pericUne twin- 
ning; intergrowths along the latter axis. Also in long laths, 
with inclusions of augite granules. Larger crystals only occa 
sionally zoned 

Olivine in sharp crystal forms, altered to green serpentine. 

Matrix, a fine intergrowth of felspar and green augite, the 
felspar slightly later than the augite. 

Augite, strong relief, tinted a faint green, averaging .02 milli- 
metres in diameter. Felspar tending to lath shape, but 
boundaries controlled by the augite grains ; twin-lamellation not 
always present. The felspar is not so basic a labradorite as is 
usual in the rocks of this district. 

Magnetite in section showing as grains about half the size of 
the augite, and about a quarter as abundant. 

Lava above the Cave Sandstone intercalation, 
Slide No. 950 north bank of the Mabele River, west of York 

Class B house. 

A compact, greyish-black rock ; no crystal- 
line structure apparent. Roimded patches of a brown siliceous 
substance, about J inch in diameter, occur all over the surface of 
the rock. Quantities of small rounded vesicles, filled with zeo- 
htes. 

Under the Microscope : — 

Large idiomorphic crystals and aggregates of felspar, fresh, 
but much fractured. The aggregates are intergrowths, and are 
not granulated; both phenocrysts and aggregates contain a 
little of the granular augite matrix. 

Patches or colourless zeolitic material, thickly crowded with 
specks of magnetite, and sometimes with a green fibrous border, 
may represent olivine. 

Matrix an extermely fine intergrowth of augite and felspar. 
Augite in light green granules, generally .01 millimetres and 
less in diameter. Felspars in laths, and magnetite very abun- 
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dant. The relative proportion of the minerals in the matrix 
varies greatly ; sometimes the felspar is predominant ; at other 
times the augite and magnetite almost exclude the felspar. 

No interstitial glass in the matrix 

Amygdaloidal blebs of glass represented by silica, probably 
by replacement ; contain large idiomorphic crystals of bright 
leek-green augite, long felspar laths, and long minute needles of 
gothite ; sometimes also larger limips of iron ore, warm brown, 
and transparent on the edges. Indeterminate needles of a highly 
refractive mineral traverse the quartz. Interior of the larger 
blebs is again often hollow, and filled in with fibrous zeolites and 
calcite. The glass of the blebs is occasionally in its original 
condition when it is of a cloudy brown colour, and fine fibrous 
brown crystalhtes radiate from the edges of the felspars. Small 
crystals of magnetite form a border to the whole cavity. 

Augite in the glass is sometimes changed to a blue-green to 
grass-green chlorite. 

Agglomerate from the York volcano, along the 
Slide No. 951 cutting for the new road to Ongeluk's Nek. 
Class E. A decomposed, greenish grey rock, with slate- 

coloured stony patches. A great quantity of 
irregular spaces, filled in with white radiating zeohtes. 

Under the Microscope : — 

A few rare phenocrysts and hollow crystals of felspar, altered, 
lying in a matrix of brown glass, with feathery growths some- 
times so far advanced that under a high power they can be re- 
solved into frayed laths of felspar and granules of augite. 

Blow-holes filled in with green zeolites. 

Included fragments of true tuff, consisting of a greenish 
matrix, in which lie grains of quartz, felspar, ophitic grains of 
augite and felspar, augite alone, brown and transparent or 
cloudy. 

Horse-shoe dyke, Upsala. 
Slide No. 953 A dense, greenish black rock, with an occa- 
Class sional dull cleavage face. Weathers with a 

brown crust 
Under the Microscope : — 

A glass with feathery devitrifications, sometimes advanced to 
the condition of laths of felspar ; a little magnetite. 

The whole altered to calcite, with a little quartz and zeolites 
in the matrix. 

Dolerite dyke in Red Beds, Otterbum, near 
Slide No. 954 the Little Umzimvubu River. 

Class G A dense black crystalline rock, with white 

felspars showing bright cleavage faces. General 
appearance dull, as if the rock had undergone much alteration. 
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Under the Microscope : — 

Independent growth of felspar and augite, sometimes pegma- 
itic. 

Felspar in twinned laths, with irregular boundaries. 

Single long twins, or without twinning altogether, or with this 
developing and exhibiting shadowy lamellation. 

Augite in irregular small grains, sometimes showing twinning 
along the orthopinacoid, but more often two individuals are 
intergrown along this plane, the interpenet ration being hackly. 
The augite crystals that project into the green glass have an 
alteration to green, reedy hornblende, with very slight pleo- 
chroism, double refraction the same as the augite, and the two 
under crossed Nicols can not be distinguished. 

Brown mica occurs in the glass, very pleochroic, brown ^o 
colourless. 

Magnetite in large hollow octahedra, enclosing colourless 
glass, sometimes also augite. 

Olivine represented by serpentine. 

A certain amount of green granular glass, usually aggregated 
in patches, and not interstitial. 

Dyke in blue shales of the Molteno Series on 
Slide No. 956 banks of the Little Umzimvubu River, opposite 

Class N^Kadi. 

A grey, compact rock, very similar in appear- 
ance to a limestone. Bright cleavage faces of calcite, and oval 
patches of a dark, slate-like rock. 

Under the Microscope ; — 

Phenocrysts of felspar usually in the form of stout crystals, 
sometimes also in long laths, consisting of a single albite twin. 
Perhaps augite and olivine. 

Matrix a fine granular mass, in which octahedra of iron ore 
are plentifully scattered. 

The whole rock is intensely altered, and the minerals are now 
represented by pseudomorphs of calcite principally, also quartz 
and chlorite. 

Sheet on the eastern bank of the Little Um- 
Slide No. 957 zimvubu River, opposite N'KadL 

Class E A dense black rock, microcrystalline, with an 

oily lustre. 

Under the Microscope : — 

Large phenocrystal aggregates of felspar, zoned, but gener- 
ally without lamellar twinning, or with shadowy lamellation. 
The constituent crystals are somewhat granular in outline. 

There is no certain indication of porphyritic augite. 

Olivine changed to serpentine and caJcite, or to a light-green 
fibrous mass, with iron-ore secreted along the original cracks 
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Matrix consists of felspar laths and augite of a light ruddy 
colour, tending to form radiating groups. Augite in part lath- 
shaped, like the felspar, with orthopinacoidal twinning, other- 
wise in small granules. 

There is a small amount of grey interstitial glass, with minute 
flecks of iron-ore. 

Dyke through Pitso Beacon, western part of 
Slide No. 958 Matatiele Division. A tabular bit, i inch thick, 

Class B between joints 

A compact, greenish grey rock, resembling a 
sandstone. Minute bright laths of felspar, also bright rounded 
specks 

Under the Microscope : — 

A very fine-grained granular matrix of felspar and green 
augite, in which lie embedded small phenocrysts of augite. A 
very little olivine, with serpentine alteration, the augite some- 
times also with a green chlorite alteration. Magnetite in small 
irregular bits. 

Augite phenocrysts of the light ruddy variety, seldom with 
prismatic cleavage, which, however, is sometimes faintly visible 
under and between the coarse cracks that traverse the crystals. 
These cracks are sometimes conchoidal, and generally do not 
seem to be parallel to any definite faxre. The augite of tnc 
matrix is of the green variety, and not so previous to the felspar 
as in many of the rocks of this class. The granules are .1 milli- 
metres and upwards in diameter. 

Felspar in well-shaped, stout laths, .02 millimetres in average 
breadth. 

Very frequent pegmatitic intergrowths of the felspar and 
t'.ugite arranged radially in large spherulitic masses. The augite 
is then equally lath-shaped, and the orthopinacoidal twinning 
makes it very similar in appearance to an albite twin of felspar. 
Magnetite is often arranged alongside the other minerals in 
these radial groups, and is in the form of long fibres. 

Small granules and larger grains of olivine, previous to the 
minerals of the ground mass. A little alteration to serpentine. 

Glass is only seen enclosed in some of the felspars. 

Melaphyre from under the crest of the 
Slide No. 959 Drakensbcrg, on Zureka 

Class B ^ ^^"' gr^^'^^sh black, flinty rock, with minute 

bright specks and small rounded amygdules, 
filled in with fibrous zeolites. 

Under the Microscope : — 

Felspar in porphyritic crystals, often in aggregates ; frequently 
without lamellar twinning, and then with small intergrowths 
along the pericline axis. Lamellar twinning shadowy and in- 
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definite. Felspar also in thin laths, formed of a single albitc 
twin. Hollow forms, ih which the greater part is inclusion, 
usually central, and consisting of microcrystalline matrix. 

The phenocrysts are rounded and corroded, though in some 
the crystal faces and twinning remain to indicate the nature of 
the mineral. Inclusions in the larger, well-formed felspars are of 
brown granular glass. 

Augite, and with it, perhaps, olivine, represented by small 
lumps of green alteration material and calcite. 

Matrix a fine granular intergrowth of light green augite and 
felspar. Augite with strong relief seldom over .01 millimetres, 
more often a quarter of this size in section. Felspar laths aver- 
age .02 by .005 millimetres. Interstitial glass certainly absent 
in some parts of the slide, but a greenish chlorite and calcite 
mixture, either altered glass or an infiltration product, is seen in 
other parts between the constituents of the matrix. 

Small rounded blow-holes, filled in with an isotropic material, 
faintly red-brown ; these have often radiating groups of needles 
growing out from the sides. The larger blow-holes with calcite 
in the centre. 

Diabase, Drakensberg, Zureka. 
Slide No. 960 A dull grey rock, somewhat greenish, with 

Class A white felspars. A good deal of calcite. Small 
irregular cavities, filled in with opal and cal- 
cite. 

Under the Microscope : — 

Composed largely of ophitic lumps of augite and felspar 
laths, which have grown up independently. An earlier porphy- 
ritic felspar is present in large crystals, without twin lamellation, 
but strong zoning, corroded, and rounded A later generation 
of stout felspar laths, averaging .24 x .1 millimetres, with re- 
peated twin lamellation, usually in single laths, but also in 
clusters formed by lateral accretion. 

Large patches of green and white alteration products, with 
calcite, may represent original olivine. Alteration of the fel- 
spars begins from the interior, leaving in most cases the outer 
edge fresh. 

Augite of the ophitic grains entirely changed to chlorite. 

There is a fair quantity of interstitial glass, of a greyish 
colour, with minute flecks of iron ore. The latter also occurs in 
long rods and grains. 

Rock from the crest of the Drakensberg, 
Slide No. 961 under the beacon Zureka, south side. 

Class B ^ ^"^'' greenish black rock, flinty, with 

minute bright specks, and many small rounded 

amygdules, filled with white zeolites. Also irregular amygdules. 
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drawn out, and filled with hackly quartz, dark green opal, and 
fibrous zeolites. Cracks filled with opal and quartz. 

Under the Microscope : — 

Felspar and augite phenocrysts, lying in a very fine matrix of 
felspar and green augite. Small rounded amygdaloidal cavities. 

Felspar usually in stout prisms, often with large enclosures of 
glass in the centre. Large aggregations of laths. Extinction 
angle on the clinopinacoid over 30°, indicating a bas'C labra- 
dorite. Zoning in the untwinned individuals, also shadowy 
lamellation. 

Augite changed to chlorite and calcite ; occurs in lumps inter- 
grown ophitically with the finer felspar laths. 

Olivine in largish lumps, very much altered, with much cal- 
cite. 

Matrix consisting of an extremely fine-grained mass of green 
augite and felspar, averaging respectively .01 and .03 by .005 
millimetres. The augite, however, near the patches of glass 
becomes quite large. 

Magnetite in small quantity. 

Fresh interstitisJ glass, with alterations to a green mixture of 
chlorite and calcite. 

Rounded vesicles filled with a yellow isotropic substance 
glassy, or with radiating fibres. 

Red bed between the lavas, top of the 
Slide No. 872 Drakensberg, on Eyrie. 

Class H Large and small grains of quartz, some clear, 

others full of inclusions ; mostly irregular in 
shape and splintery. 

Under the Microscope : — 

Plagioclase and microcline, not very much altered. 

Zircon in grains, fairly large and showing well the shell-like 
zonal structure. 

A little brown mica. 

A large quantity of fragments of glass, some grey and cloudy, 
others full of black specks. Others, again, with deep red trans- 
parent alteration products. The larger fragments have felspar 
laths imbedded in a microcrystalline base, and include also quartz 
grains that have evidently been picked up from the general 
sandstone debris. 

Matrix in fair quantity, represented now by calcite. 

Siliceous rock interbedded in lava, top of 
Slide No. 873 Drakensberg, on Eyrie. 
Class H Under the Microscope : — 

Quartz gfrains, and in less quantity, felspar, 
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both orthoclase, and microcline ; the former in untwinned 
cloudy grains, the latter fresh and showing the characteristic 
cross-hatching. 

Zircon in grains, some quite large, with inclusions, which look 
like rutile, along the central axis of the crystals. Iron ore. 

Fragments of shale, chloritized rock, and cloudy glass. 

Matrix cloudy and colourless, with large quantity of calcite 
and chlorite forming irregular patches. 

Slide No. 875 Volcanic breccia, neck on the farm N'Quatsha. 
Class H Under the Microscope : — 

Angular quartz grains, packed closely to- 
gether, with a little red, dusty granular cement, in which there 
are minute shreds of white mica. 

Quartz for the most part clear, with no signs of strain ; edges 
seldom sharp, but corroded by the matrix. Some grains with a 
great deal of dusty inclusions, and rarely black, hair-like forms* 
presumably rutile. 

A few angular fragments of microcline, quite fresh, but th(f 
other felspars are clouded with alteration products. 

Small grains of zircon, rutile, white mica, chlorite, colourless 
garnet, and iron ore (haematite). 

Epidote in considerable quantities, in small, yellowish, cloudy 
granules. 

There are also small fragments of slate and sandstone, with 
secondary mica; also fine-grained basalt, consisting of laths of 
plagioclase and augite. 

Included fragment in volcanic neck, filled with 
Slide No. 877 agglomerate, on the farm N'Quatsha. 

Class H Rounded, sub-angular, or corroded fragments 

of quartz, with other minerals and rocks, set in a 
base composed of calcite. 

Under the Microscope : — 

Quartz, usually with inclusions, mostly dusty and too minute 
to recognise, but larger ones occur, which can be assigned to 
zircon and rutile occurring in small columns and in very thin, 
hair-like threads. The dusty inclusions are often so aggregated 
in lines as to give the quartz grains the appearance of being 
fibrous. Under crossed Nicols, the quartz grains have wavy 
extinction, indicating strain. 

Other minerals include fibrous chlorite, with calcite; calcite 
representing, perhaps, altered felspar ; brilliant white mica, seri- 
ate ; dark brown rutile ; zircon ; almost colourless garnet ; and 
odd bits of fibrous minerals of indeterminate nature. 
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Rock fragments consist of sandstone, with much chlorite and 
epidote, and clay rocks altered to a felted mass of mica flakes. 

Cave Sandstone from N'Quatsha's Nek road 
Slide No. 895 A creamy white, chalk-like rock. 
Class J-| Under the Microscope : — 

Quartz grains in large quantity, mostly with 
angular contours or with only one side rounded ; almost always 
with trains of dusty inclusions. Large inclusions of rutile. 

Felspar with cloudy alteration products, though the micro- 
clines are fresh. Untwinned grains, presumably orthoclase ; 
others, plagioclase, with lamellar twinning, showing evidence of 
strain, for the lamellae are at shghtly different angles in dif- 
ferent parts of a grain ; often, too, the lamellae are so close to- 
gether as to give the grain the appearance of being fibrous. 

Small columns of zircon included in some of the felspars. 

Grains of zircon and rutile, and shreds of white mica, sericite. 

A little brown hornblende and tourmaline, blue or brown. 

No matrix, but the edges of the grains have developed a small 
amount of felted fibres of some micaceous mineral, to which is 
due the white colour of the rock as a whole. 

Green rock from the supposed volcano on top 
Slide No. 963 of the Drakensberg, on Zureka. 
Class Under the Microscope : — 

A granular green matrix, with a great number 
of felspar laths and aggregates of these laths ; stouter crystals 
changed to calcite and green radiating zeolites, while the laths 
are unaltered The whole of this part shows, by the dispositi n 
of the crystals, strong evidence of flow. 

On either side of the green rock there is sandstone, one side 
being separated by a black line, which follows the irregularities 
of the grains in the sandstone ; the other without this demarca- 
tion. 

The sandstone consists of angular and sub-angular grains of 
quartz, with a little plagioclase felspar. Patches of a green 
material and of brown glass. Calcite occurs between the grains 
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REPORT ON A SURVEY OF PARiS OF THE BEAU- 
FORT WEST,^ PRINCE ALBERT, AND SUTHER- 
LAND DIVISIONS. 



The country described in this report includes the western part 
of Beaufort West, the western part of rrince Albert, and the 
south-eastern part of Sutherland ; in the local nomenclature this 
tract contains the western end of the Gouph, the whole of the 
Mordenaar's Karroo, and part of the Klein Roggeveld. 

The portion of the Gouph we are concerned with is that 
drained by the Dwyka River, which rises on the escarpment of 
the Nieuweveld ; it is an arid, barren-looKmg coimtry, lying be- 
tween 1,700 and 3,000 feet above sea-level. To the north-west 
it is bounded by the Nieuweveld escarpment, which rises some 
3,000 feet above the country at its foot; on the west by the 
range called the Mountains of the Gouph and Kouw's Berg. 

The Mordenaar's Karroo is a very similar country to the 
Gouph, and occupies the greater part of the drainage basin of 
the BuffeFs River north of the Zwartebergen, but that portion 
of the basin near the Tanqua watershed differs from the Morde- 
naar's Karroo very markedly in vegetation, and is known as the 
Klein Roggeveld. The Klein Roggeveld receives regular 
winter rains, which do not fall in the Mordenaar's Karroo or the 
Gouph. Both the Buffel's and Dwyka Rivers, as well as their 
tributaries, are practically dry throughout the greater part of the 
year, and water only runs in them after thunderstorms. Their 
beds are usually deeply buried in sand and fine gravel, through 
which the water from the numerous spnngs found along their 
courses filters slowly, so that it can be easily obtained by trench- 
ing. It is in this way that many of the farms along these rivers 
are supplied with water for irrigating the rich alluvial ground 
on the river banks ; in other cases the spot where the water 
issues from the rock is found, opened up, and cleaned, so that a 
larger supply of water is obtained than was at first available. 
The springs issue from joints and bedding planes in the rocks, 
as none of these are sufficiently porous to allow water to perco- 
late through them ; in all cases the water seems to flow along 
narrow cracks. 

The shape of the hills in the Gouph and the Mordenaar^s 
Karroo is characteristic of a country where there is little vegeta- 
tion ; differences in lithological character make themselves very 
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obvious on the surface. Beds of hard sandstone form cliffs on 
the hill sides, and the intervening shales and mudstones give 
rise to steep slopes, covered with small unweathered fragments 
of themselves, and larger, usually more weathered, bits of the 
sandstone above. It is a curious fact that the sandstone beds 
are nearly always more weathered than the shales ; the explana- 
tion is that the sandstones are in general more porous, and at 
the same time, owing to their greater resistance to the denud- 
i'ig agents, a given surface is longer exposed than a given sur- 
face of the mudstones or shales. The thick sheets of dolerite 
which are frequently met with in the country near the Nieuwe- 
veld are even more resistant than the sandstones, and the escarp- 
ment of the Nieuweveld owes its abruptness to the thick dolerite 
sheets which protect the underlying rocks. 

The chief agent of weathering in these districts is imdoubtedly 
the alternation of high and low temperatures; the rocks are 
heated by the direct rays of the sun to a very considerable 
degree, and towards night, or during a thunderstorm, the tem- 
perature falls rapidly. This process is always going on, and 
causes the shales and mudstones to break up into angular frag- 
ments of small size, probably the fragments are eventually re- 
duced by this means to so small a size that they can be blown 
away by the wind ; the sandstones and dolerite are not affected 
so much by change of temperature as the shales and mud- 
stones, but they also are broken up in this way. The heavy 
thunderstorms are very important agents in altering the sur- 
face of the ground thus prepared for their work by the physical 
disintegration of the rocks. There is an interesting feature in 
the steep-sided kloofs under the Nieuweveld which may be men- 
tioned here. These valleys usually contain a great thickness of 
coarse gravelly breccia, through which the present stream beds 
are cut, often not deeply enough at some points to expose the 
solid rock below the breccia. The breccia is made up of angular 
and subangular fragments of the harder rocks of the surrounding 
hills, with remarkably little sand or mud between the frag- 
ments. There can be no doubt that the breccia is due to there 
being a greater supply of rock fragments than the stream can 
deal with ; the stream itself is supplied with water charged with 
sand and silt from the hillsides, but there is not enough water to 
carry away the large fragments of rock, which accumulate and 
form the breccia. In a more moist locality, such as the Klein 
Roggeveld, the rocks are better protected from sudden change? 
of temperature by vegetation, and, therefore, chemical weather- 
ing and the production of soil go on more generally than in the 
drier districts, giving rise to more rounded surfaces, on which 
differences of structure in the underlying rocks arc much less 
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obvious than in the latter. The coarse breccia is not seen in 
the kloofs of the Klein Roggeveld, and even below the Koms- 
berg escarpment, which receives more rain than the Nieuweveld, 
but is really the western continuation of the same escarpment, 
the breccias are less noticeable and thinner than in the valleys 
below the Nieuweveld In some cases the matrix of the breccia 
is a white tuf aceous limestone ; this limestone, which is identical 
in character with the thick and thin layers of surface limestone 
found m many places in the District, is no doubt in part derived 
from the dolerites by weathering, but the sedimentary rocks must 
also be a source of the carbonate of lime. In the calcareous 
breccias, the carbonate of lime is deposited by percolating 
water. 

The wind is an important agent in the removal of sand and 
dust from one spot to another in the Gouph and the Mordenaar's 
Karroo, where the vegetation is very scanty. The sand is blown 
about from place to place, forming miniature dunes on the lee- 
side of bushes, but it accumulates on the low-lying flats which 
border the larger rivers in many parts of their courses. This 
concentration of the sand near the rivers is mainly due to the 
sand being carried there by water during or after a fall of rain ; 
the general surface of the country is then washed more or less 
clean of mud and sand, and the angular fragmients of rock de- 
rived from the beds immediately below are left with only a very 
small quantity of soil between them. The joints on the surface 
of both the sedimentary rocks and the dolerite are usually 
rather wide and deep in the Karroo, and they are filled up with 
soil ; it is usually in this soil that the plants of the Gouph and 
Mordenaar's Karroo grow, and their roots make their way down 
along the joints for considerable distances underground. Any 
conditions, such as the overstocking of the farms, which tend to 
reduce very much the already slight protection the soil receives 
from the vegetation, must do great injury to a dry country like 
the Gouph, an injury which the veld may take many years to 
recover from. As one travels through the Great Karroo, one 
notices marked differences in the state of the veld on neighbour- 
ing farms, a farm on which the veld is in good condition ad- 
joins one that is little better than a desert. During our work in 
the Gouph the farm Groot Fontein, under the Nieuweveld, and 
the Hoogeveld some way to the south, had quite a refreshing 
appearance compared with the surrounding country, which was 
due to the careful stocking of those areas. It is indeed easy 
to imagine that an exceptionally severe drought might convert 
some parts of the Gouph into a stony and sandy desert. 

The ground near the rivers, which is composed of the fine 
sandy silt, appears to be extremely fertile when water can be led 
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on it, and where care is taken that the salts, contained to some 
extent in all the waters of the Karroo, do not become concen- 
trated in the soil. Near a natural drain, such as a river bed, or 
on gravelly soil, irrigated land does not become brak. Even on 
flat land, without satisfactory natural drainage, the salts which 
cause the brakness may be entirely got rid of by artificial drain- 
age or by the use of lucerne. It is a common experience that 
the best cultivable ground in the ivarroo is that part of an allu- 
vial tract which lies upon a coarse, easily permeable gravel, and 
the reason is that the soil in such a situation is protected from 
the concentration of the salts in the water used for irrigating it 
by the natural drainage provided by the underlying gravel. 

The rocks which take part in the formation of our district be- 
long almost entirely to the Karroo System ; the only portion of 
the district where the rocks of the Cape System appear at the 
surface is the extreme south between the BuffeFs River, below 
Laingsburg, and the Klein Zwartberg. This southern extremity 
was described m the Report for 1897, Appendix III., but during 
the survey on which that report was based, we did not examine 
the valley of the BufFel's River between the poort through the 
Klein Zwartberg and the Leeuw Kloof Poort. This river, whi'-l. 
drains the whole of the Mordenaar's Karroo, and receives below 
Laingsburg the water from some 40 miles of the northern 
slopes of the Klein Zwartberg, and from both north and south 
slopes of the Witteberg, passes through the Klein Zwartberg by 
a narrow but deep gorge, which has vertical or almost vertical 
walls in many parts ; the entrance to this gorge is only some 30 
yards wide, while the river bed above the gorge is frequently 
over 300 yards in width. 

At the north end of the great poort the sandstones of the 
Table Mountain Series dip northwards, and are conformably 
overlain by the Bokkeveld Series; the actual junction of the 
two formations is not seen, for it is hidden under the deposits of 
the Buffer^ River. The Table Mountain Series is not much 
contorted in this portion of the Zwartberg anticline, but the Bok- 
keveld Series composed, as further to the east*, of shales with 
thick bands of sandstone, shows remarkable folds in the fine sec- 
tions exposed in the cliffs on either bank of the river on the farm 
Ruggens Kraal, below the drift on the Seven Weeks' Poort road. 

The Bokkeveld dips under the Witteberg Series near the 
Seven Weeks* Poort road, and in the latter formation simila 
folds appear, but they are sharper and less frequent, and have 
more the character of monoclinal folds, which have the same 



♦ A detailed section of the Bokkeveld Series north of the Gamka Poort was 
published in the Report of the Geological Commission for [891;, pp. 33-49- 
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effect upon the outcrops of the rocks concerned as that pro- 
duced by normal faulting. The width of the area occupied by 
the Witteberg Series is about twice that of the Bokkeveld, for 
there is a syncline in the middle of the Witteberg Series which 
practically doubles its outcrop, and which brings in the lowest 
beds of the Dwyka Series as an outlier capping a hill east of the 
Buffers River, on the farm Nooitgedacht. North of the syncline 
the Witteberg Series forms an anticline, of which the northern 
limb dips at an angle of 80° below the Dwyka Series. 

The classification of the rocks belonging to the Karroo System, 
which we shall adopt at present, is very similar to those of Feist- 
mantel, Tate, Schenck, and Dimn . The chief difference is that 
we have separated the Dwyka Series from the Ecca ; so far as 
the mapping is concerned, this separation is very easily effected, 
but it rests solely upon lithological differences between the two 
series. 

The classification of the Karroo System used by us is the fol- 
lowing: — 

iVolcauic Beds. 
Cave Sandstone. 
Red Beds. 
Molteno Beds. 



Stormberg Sries 



Karroo 
System. 



Beaufort Series 



Ecca Series 



Dwyka Series... 



rZone of a highly specialized 
J group of Tneriodonts. 

I Zone of Dici/nodon, 
[ Zone of Pareiasaurus. 

f Shales and thin sandstones. 
{ Laingsburg Beds. 
LShales. 

f Upper Shales. 
-{ Conglomerate. 
[Lower Shales. 



The scheme differs from that of Dunn (1887), in the separa- 
tion of the Dwyka from the Ecca, instead of making the Dwyka 
the lowest subdivision of the " Lower Karroo." In Tate's classi- 
fication a subdivision, called the " Koonap Beds," is placed be- 
tween the Beaufort and Ecca; that author states that those 
beds occur in the Klein Roggeveld, a district made up of rocks, 
which we must regard as belonging to the Beaufort Series. 
Dunn places the Koonap Beds in the Ecca group along with 
the Kimberley Shales. For the present, therefore, this ill-de- 
fined group of Koonap Beds can be omitted 
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The separation of the Ecca from the Beaufort Series is a 
difficult matter in the Gouph and Mordenaar*s Karroo. There 
seems to be no unconformity in the Karroo System south of the 
Nieuweveld ; the section near Aberdeen, drawn by the late 
Professor A. H. Green,* in which an imconformity is distinctly 
shown between the Ecca and the overlying rocks, has no coun- 
terpart in Beaufort West, Prince Albert, or Sutherland. We 
have traversed the country between the Nieuweveld and the 
southern border of the Great Karroo, along four different lines, 
and in a district where the rocks as a rule are adniirably ex- 
posed ; it is, therefore, unlikely that an unconformity such as 
that sketched by Professor Green could have escapeil notice 

Mr. Dunn has drawn sections through the Lower Karroo or 
Ecca, and Upper Karroo or Beaufort Beds, showing a marked 
unconformity between them in the Gouph.t It seems certain 
however, that the apparent unconformity caused by the sudden 
chcinges in the dip of the rocks has been mistaken for an actual 
unconformity. 

Near Wagonmaker's Kraal, on the main railway line, there 
are good sections showing the occurrence of very sharply folded 
rocks; the beds sometimes dip vertically, and only a few score 
yards to the north these same beds have a very slight dip, and 
further north-east, towards Prince Albert Road Station, the 
rocks lie nearly horizontally. A very similar section is obtained 
between Thuyn Kraal and Prince Albert Road Station; yet 
another can be seen between Groot Fontein Station and Wilge- 
bosch Fontein, to the north of the railway. In the Klein Rogge- 
veld the lower part of the Karroo System, from the Dwyka 
Series upwards, is well exposed between Dwars in de Weg 
(Wilgehout Fontein) and Aanstoot ; the rocks are much less 
folded here than further east in the Gouph, and any uncon- 
formity might be expected to be clearly shown, but there is a 
perfectly conformable succession. The same was the case with 
the section obtained along the Buffers River, from the Dwyka 
Series north of Laingsburg, to beds containing large bones near 
Koom Plaats. 

We have, therefore, come to the conclusion that in the Gouph, 
Mordenaar's Karroo, and Klein Roggeveld, there is no physical 
break between the Ecca and Beaufort Series, and that the dis- 



* Q. J. G. S., xliv., i888, p. 261. Report on the Coals of Cape Colony, Cape 
Town, 1883, p. 25. 

fin (he "Report on a supposed extensive deposit of coal underlying the 
central Districts of the Colony," by Mr. E. J. Dunn, Cape Tcwr, 1886, he corrects 
his former account of the relationship of the Upper Karroo Beds to the Ix)wer 
(the Beaufort and Ecca series respectively), and says there is no unconformity 
between them, a view which has been confirmed by our observations. 
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tinction between them in that part of the Karroo is a purely 
palaeontological and hthological one. The occurrence of the 
great fossil reptiles, Pareiasaurus, Tapinocepkalus, and 
Tilancsuckus, characterises the lower part of the Beaufoit 
Series ; neither these genera nor any allied forms have ycc been 
found in the Ecca Series, which has so far yielded the reihains 
oi plants only. The small reptile, MesosauruSy which was first 
found in the Kimberley Shales, has not been found south of 
Calvinia. In Calvinia* and Bushmanlana it occurs in the white or 
black shales immediately above, the Dwyka Conglomerate ; 
these shales are considered to belong to the same group as the 
upper shales of the Dwyka Series in the south, with which thev 
can for the present be classed. 

Above the lowest, or Pareiasaurus, zone of the Beaufort Beds, 
comes the zone of Dicynodon and Oudenodon, but the zones 
higher than this cannot be well defined at present, and it is even 
doubtful whether Dicynodon does not occur together with 
Pareiasaurus. In Professor Seeley's account of the reptilian 
zones of the Karroo rocks,t the lowest (with the exception of the 
beds containing Mesosaurus) is said to be that of Pristerodon 
and OudenodoHy which occur at East London ; but from a gen- 
eral knowledge of the geology of the country between Kei Road 
and the Komgha River, and from the fact that the strike of the 
Witteberg and Dwyka Series between Grahamstown and Port 
Alfred is east-south-east, it seems improbable that the East 
London rocks belong to the lowest part of the Beaufort Series. 
It is much more likely that they are above the Pareiasaurus 
zone, and are on the horizon of the Dicynodon zone of the 
Nieuweveld escarpment and Fort Beaufort, in which Oudenodon 
usually occurs. Oudenodon has not been found below Pareia- 
saurus in the Gouph or Fort Beaufort districts. 

It is unfortunate that the exact localities from which many of 
the reptilian remains from South Africa came are unknown ; 
this remark applies especially to the great collection of these 
reptiles in the British Museum.? That the subdivision of the 
Karroo rocks by means of the reptiles can only be carried out to 
a very limited extent at present is partly due to this defect in 
the records of the localities from which so many specimens came, 
h is not sufficient for purposes of subdivision of a great thick- 
ness of rock into zones that a locality should be given as 
" Sneeuwberg Range," or " The Rhenosterberg," for the speci- 

* Report of the Geoloj^ical Commission for 1900, p. 47. The Rev. Mr. 
Neethliiig, of Nieuwoudtvilie, showed us a specimen of Afcxosivrux from the 
southern part of Bushmanland. 

t Phil. Trans : of the Roy. Soc. of Ix)ndon, Vol. 183 (jS()2), B, p. 312. 

X Catalogue of the Fossil Reptilia, etc., Part iv., R. Lydekker, London, 1895. 
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Hi en may come from emy part of a vertical thickness, ^jossibly oi 
3,000 feet. There is every probabihty, though, that the Karror 
System will be satisfactorily subdivided by meems of its reptilian 
fossils when these are sufficiently collected and known. 

The plants from the lower series of the Karroo System have 
not yet been collected and worked out sufficiently to afford a 
secure means of recognising the beds in which they occur ; the 
genus Glossopteris certainly occurs throughout a great thickness 
of rock in the Ecca and the Beaufort Series, but the determina- 
tion of species from different horizons has not yet been accom- 
plished. There is a plant, belonging to one of the genera Phyl- 
lotheca or Catamites, which is found from the Lower Dwyka 
Shales up to the Beaufort Beds, but as yet these remains are of 
little use as zone fossils ; in fact, it appears to be impossible* to 
separate the genera Phyllotheca and Catamites in the imperfect 
drifted specimens which have up to the present been found in 
Cape Colony, and it is uncertain whether the two genera are re- 
presented, or only one of them. 

The Dwyka Series is well seen on the farms Leeuw Kloof 
Poort and Floris Kraal, and for many miles east and west of 
these farms. The series occupies a belt of country some three 
miles wide, to the north of Leeuw Kloof Poort, owing to repeti- 
tion by folding; the axes of the folds trend east and west, 
parallel with the strike of the rocks in the Zwartebergen. There 
are two anticlinal folds north of Laingsburg, which bring the 
Dwyka Series to the surface ; thdr axes are parallel to the strike 
of the Zwartebergen rocks, that is, practically east and west; 
the axes of the folds have an easterly dip, so that the outcrops 
of the Dwyka Series have a boat-shaped termination towards 
the east. The southern of these two folds causes the upper 
shales of the Dwyka Series to cross the river about a mile above 
Laingsburg, but the conglomerate barely reaches the right bank 
of the river. The northern of the two anticlines brings the 
Dwyka Series to the surface on Dwars in de Weg, in the Suther- 
land Division. Both these areas of the Dwyka Series, due to the 
anticlines, are continuous with the main Dwyka area north and 
north-west of Matjes Fontein. 

The Series in this district is divided up into three groups of 
beds : — 

Upper shales, approximate maximum thickness ... 550 feet. 
Conglomerate, „ „ „ ... 1,000 feet. 

Lower shales^ „ „ „ ... 700 feet. 

At Leeuw Kloof Poort there is a thickness of 700 feet of 

* '' Fossil Plants," A. C. Seward, Vol. i, p. 285 
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shaly beds; the lower part of these beds is a greenish, sandy, 
micaceous shale, frequently showing false bedding ; in the middle 
of this group of shales there is a bed of hard, black, argillaceous 
rock, about two feet in thickness ; the upper part of the shale 
group is less micaceous than the lower. In the valley of the 
Witteberg's River these shales were found to contain Phyllotheca 
(or Calamites), and some obscure stems that have not been de- 
termined When the first account of the country near Laings- 
burg was written, the group of shales below the Dwyka Conglo- 
merate was placed in the same series as the latter, according to 
the arrangement adopted by Dunn, and the discovery of 
Phyllotheca (or Calamites), which occur in the Ecca Series, but 
which have not yet been found in the Witteberg Series, cer- 
tainly strengthens this classification. Lithologically this shale 
group at the base of the Dwyka has a considerable resemblance 
to the shales of the Witteberg Series. The conglomerate is 
seen in many admirable sections on Leeuw Kloof Poort and 
Floris Kraal Large boulders up to three feet in diameter, are 
fairly abundant in the middle of the conglomerate, but thick- 
nesses of some 200 feet at the bottom and top of the conglo- 
merate are characterised by the rarity of these blocks. Bedding- 
planes are found throughout the whole thickness of conglo- 
merate, but in parts, the rock between any two bedding-planes 
ii some 20 feet thick ; in other parfs, the beds are under an inch 
thick. Striated boulders are found without difficulty, but do 
not appear to be so numerous as in the conglomerate in the 
north and north-west of the Colony. This may be at any rate 
partly accounted for by the greater hardness of the rock in the 
south, for the consequent result is that the boulders weather 
out less frequently, or are broken from the matrix in a more or 
less injured condition. Another cause of the less perfect state 
of the boulders obtained in the south than in the north is the 
greater development of the parallel joints in the former than in 
the latter. These joints are frequently so highly developed in 
the south that a pebble three inches long may have more than 
a dozen joints in it, and such a stone when struck will break 
along any one of these joints rather than come out of the matrix. 
The joints are entirely independent of any original planes in 
the pebble or boulder, such as those of bedding or foHation. 
They lie parallel to the strike of the rocks in the neighbour- 
hood, but though they are often found to be parallel with the 
dip of the conglomerate, this is by no means always the case ; 
in fact, they more nearly approach cleavage planes in their mode 
of occurrence than any other divisional planes in rocks, but they 
differ from cleavage planes in being less well-developed, in that 
a given pebbje has a limited number of such planes in it, and 
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not, as in the case of slate, a great number, which, thougi. not 
unhmited, can hajrdly be determined. In the poort of the 
Geelbek's River, where there are good sections of the coti- 
glomerate, there was a boulder composed of a very basic rock 
that has not yet been identified with any rock known in 
place in the Colony, but which may easily be recognised when 
found in the future. In the hills north of Matjes Fontein, the 
conglomerate can be well seen ; it contams numerous boulders 
of a rock composed of alternating thin layers of brown jasper 
and magnetite, which are much folded on a small scale. This 
rock is identical in character with many beds of the Griqua 
Town Series in the Doornbergen, near Prieska, and there is no 
doubt that the boulders were derived from the Doornbergen, or 
from the ranges made of the same Series further north. In 
some parts of the conglomerate of these hills, striated pebbles 
and boulders are rather more abundant than is usually the case 
in the south of the Colony. 

The beds overlying the conglomerate we have placed in former 
reports, with the latter, and the shales below, in the Dwyka 
Series; the upper shales are well exposed along the BuffeFs 
River, above the Leeuw Kloof Poort. The upper limit of these 
shales, of which the " white band " of former reports is a part, 
is marked by a prominent band of white chert, from 12 to 1 8 
inches thick. This chert band can be easily followed over con- 
siderable distances, and serves as a convenient horizon for map- 
ping purposes. " Above it lie shales and sandstones, of a dif- 
ferent character from those which occur below, and they con- 
tain no beds of chert. In the absence of fossils from these 
shales, and also from a considerable thickness of the overlying 
rocks, it is of course impossible to place much confidence in the 
classification here adopted, which is essentially used for con- 
venience of mapping, in order that the great thickness of the 
Karroo System may, to some extent, be broken up. At the 
same time the shales and sandstones (the Ecca Series), above 
the upper shales of the Dwyka, form a much more homogeneous 
group than they would were these included with them.* 

An interesting section through the upper shales is exposed on 
li hillside near the Zout Kloof road, about a mile from Laings- 
burg. The section is through the south limb of the southern of 
the two anticlines mentioned on page 106, which bring the Dwyka 
Series to the surface. The white chert band and the underlying 
white weathering shales have been thrust over another portion 
of the same beds through a distance of about 1 50 yards, or even 



*See also Report of the Geological Commission for 1897, p. 67. 
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more. Another section near this one shows three smaller 
thrust-planes (reversed faults) very distinctly, owing to the 
faults passing through the white chert, the dislocated portions ot 
which are exposed in the section. 

The Ecca Series rests conformably on the Upper Shales of 
the Dwyka Senes. It consists of sandstones, shales, and mud- 
stones. The lowest beds of the series are black, papery shales, 
followed by a thickness of about i,ooo feet of hard, grey sand- 
stone, with which shales are interbedded. These sandstones are 
unlike any other rock in the lower part of the Karroo System ; 
they are fine-grained, and are more quartzitic than the other 
sandstones, and weather with a thin yellowish-brown crust ; 
from the thinness of the weathered crust it is obvious that they 
are closer in texture than most of the sandstones that occur on 
higher horizons. The latter are more deeply weathered, al- 
though the sandstones of the lower part of the Ecca Series form 
bold ridges, for the same reason that the higher sandstones give 
rise to krantzes and cap plateaux, on account of their resistance 
to the weather, so that both the lower and higher sandstones 
have been exposed during approximately equal periods. The 
sandstones form the hill near Laingsburg Station, and as they 
(together with the interbedded shales) are a fairly definite 
group of beds, differing at least lithologically from those above 
and below, it is convenient to give them a name — the Laings- 
burg Beds. These beds, with the undedying shales, form the 
parallel ranges of hills which extend from south of Blood River 
Station westwards, as far as the main road from Matjes Fontein 
to Sutherland, the western limit of our work in these rocks. 

Very good sections through the Laingsburg Beds can be seen 
along the Geelbek's River, Zout River, and the BuffeFs River 
both above and below Laingsburg. The Laingsburg Beds in 
the area with which we are dealing are folded considerably, and 
therefore occupy a belt of some miles in width, although at many 
outcrops their dip is as high as, or higher than, 45°. 

Phyllotheca or Calamites occurs in the Laingsburg Beds, near 
the village of Laingsburg ; on the farm Wilgehout Fontein (now 
called " Dwars in de Weg "), in the Division of Sutherland, a 
form of Glossopteris occurs, as well as the Phyllotheca or Cal- 
mitesy and there was also found a leaf different from any that 
has been described from the Karroo System. A single speci- 
men of Glossopteris was seen in the sandstone of these beds, 
between the railway station of Groot Fontein and the hotel. 

Small pieces of silicified wood are frequently found in the area 
occupied by the Laingsburg Beds ; they are weathered from 
their matrix, and are not often more than six inches long. The 
specimens we collected of this fossil wood were all lying upon 
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the surface, but from their numbers and the position of several 
specimens, there can be no doubt but that they were derived 
from the Laingsburg Beds. Silicified wood occurs throughout 
the Karroo System, with the exception of the Dwyka Series, in 
which it has not yet been found ; from the Ecca to the Storm- 
berg Series very similar-looking specimens have been found, 
and so far as they have been examined under the microscope, 
it is probable that the trees from which the wood was derived 
were of the same kind, viz., coniferous. The " bordered pits," 
characteristic of some tissues in conifers, are recognisable in thin 
sections from certain of our specimens. Other parts of the 
trees have never been found in the Ecca Series. 

The fossils mentioned above are the only ones known from 
the Laingsburg Beds. 

A dark coloured, fine-grained argillaceous limestone occurs as 
nodules and irregular beds in the shales, both below and above 
the Laingsburg Beds, as well as in them ; these lumps of Hme- 
stone do not essentially differ from those that are found through- 
out the Beaufort Series embedded in the shales and mudstones. 
Occasionally also the nodular masses of limestone in the Beau- 
fort Series reach such a size that they can be called lenticular 
beds. No organic remains have yet been found in the lime- 
stone of the Ecca Series., altliough, as will be described later, 
irregular masses of limestone are often found attached to, or em- 
bedding, the reptilian bones in the Beaufort Series. 

The sandstones and shales of the Ecca and Beaufort Series 
frequently contain a small amount of carbonate of lime dis- 
persed through their substance, and in most cases the limestone 
nodules appear to be local concretions of carbonate of lime, 
formed after the deposition of the rocks in which they occur. 
Some of the larger masses, which may measure 20 feet long in a 
section, and 2 or 3 feet thick, certainly have many characters in 
common with lenticular beds of ordinary sediments ; but there 
are so many masses of limestone forming a transitional series 
between the small nodules and the lenticular beds that it is at 
least probable the two forms are in part of similar origin. A 
deposition of a sediment rich in organic matter probably served 
as a centre of attraction and deposition of carbonate of lime con- 
tained in the water, which saturated the rock after its formation. 

The upper part of the Ecca Series consists of blue, grey, and 
purple shales and mudstones, with thin beds of sandstone. The 
sandstones are somewhat looser in texture than those of the 
I-aingsburg Beds, and weather more deeply. Some of them 
have a very similar appearance to the rather coarse, " defining 
sandstones " of the Beaufort Series, which weather yellow ; but 
they are not so thick as the characteristic sandstone bands of 



Digitized by 



Google 



Ill 

the latter. The shales and mudstones do not differ lithologically 
from those in the Beaufort Series, but are unlike the shales in 
the latter, in that they do not contain reptilian bones. 

Below many of the sandstone beds in the Ecca and Beaufort 
Series there are thin layers of clay-pellet conglomerate. This is 
a rock consisting of what appear to have been lumps of mud, 
embedded in a matrix which differs slightly from the material 
of the lumps or pellets of mud. Their origin is easily explained 
on the supposition that portions of the muddy floor of the Karroo 
water basin were left high and dry for a short time, and that 
the previously deposited mud was hardened by exposure to the 
air; on the floor being again submerged, the hardened crust 
may have been broken up by currents, and the pellets derived 
from it deposited and buried by new sediment. 

The formation of clay-pellet conglomerate can be observed at 
the present day in the Orange River. In places where a slight 
fall of the water level exposes a shelving bottom of mud, 
thousands of rounded lumps are sometimes seen lying on the 
surface. These lumps of mud are occasionally buried under silt 
brought down by the river, or one of its tributaries, and a true 
clay-pellet conglomerate is made. It of course frequently, or 
perhaps usually, happens that the pellets are broken up into 
their constituent grains before they are buried, and thus merely 
form fresh mud. There is no doubt that the pellets in the 
Orange River are formed by the breal<ing up of a hardened 
crust of mud by freshets. A similar formation of mud-pellets 
was noticed by us on the shores of the lagoons at the mouths of 
rivers in the Transkei and Pondoland. 

Whether exposure to the air is necessary for the due harden- 
ing of the mud is a debatable point, but the solution of this 
question does not greatly affect the conclusion to be drawn 
from the frequence of clay-pellet conglomerates, that the beds 
were deposited in shallow water. Where any considerable sec- 
tion of the Ecca or Beaufort Series is available for examination, 
one can nearly always find evidence of false bedding, and in 
many cases distinct evidence that some previously deposited 
sediment was swept away and replaced by new material. It is 
quite possible that the clay-pellets may have been produced 
during this process. It is almost invariably found that the clay- 
pellet conglomerates underlie the sandstones, which means that 
after the deposition of the pellets, the current at that spot was 
able to carry off most of its finer-grained material, but had to 
deposit the sand grains. 

The sandstones in the upper part of the Ecca Series are 
rather inconstant ; when the outcrop of a particular bed is tracet^. 
along a hillside, it is found to thin out within a fe^v hundred 



Digitized by 



Google 



112 

yards, and usually a bed of a similar nature appears at a slightly 
higher or lower level. .* 

The upper limit of the Ecca Series is difficult to define in the 
field in those parts where the reptilian remains have not been 
found. In the Gouph, where the bones of Pareiasaurus and 
other reptiles axe rather abundant, the Ecca boundary is drawn 
just below the lowest beds containing them. The line thus 
obtained runs from Thuyn Kraal, south of Prince Albert Road, 
through Bad's Fontein, Jackal's Fontein, and Riet Fontein, to 
the valley of the Dwyka River, which it crosses on the farm 
Stink Fontein ; from the Dwyka River, the line goes along the 
southern flank of the hills forming the divide between the 
Dwyka and Buffel's Rivers, on which Kouw's Berg stands ; from 
Knoflock's Fontein, a farm which includes a part of the divide, 
the line runs northwards for a few miles, and then westwards, 
across the Buffel's River valley, near Cambro Hoek, in the 
Mordenaar's Karroo. It is impossible to define the line by the 
help of fossils in the western part of Mordenaar's Karroo and the 
Klein Roggeveld, on account of the absence of the bones 
characteristic of the Beaufort Series in the Gouph. For this 
reason we had to find some other guide in separating the two 
Series. In the Gouph, some of the thin sandstones ("inter- 
mediate sandstones ") which occur in the lower part of the Beau- 
fort Series weather in a peculiar way ; they are rather compact, 
blue argillaceous sandstones, and weather with a very thin, 
bright red crust. These sandstones were not noticed in the 
rocks below those which contain the reptilian bones ; so in the 
southern part of the Roggeveld, where sandstones similar to 
these occur, in a position which is on about the same horizon as 
the lowest outcrops containing reptilian remains in the Gouph, 
the upper limit of the Ecca Series has been drawn just below 
the lowest red-weathering sandstones. The red-weathering 
sandstones occur on the hill between Dwars in de Weg and For- 
tuin, which is the westermost part of the area occupied by this 
horizon that we mapped. In the broken country between For- 
tuin and Cambro Hoek, the line thus determined has a com- 
plicated form, owing to the deeply-cut river valleys and the high 
hills between them, along which the line between the two Series 
can be traced. 

The Beaufort Series consists of sandstones, shales, and mud- 
stones, resting conformably upon the Ecca Series in the Gouph, 
Mordenaar's Karroo, and Klein Roggeveld. The sandstones 
are of two kinds, a coarser and thicker one, beds of which in the 
i8c)6 Report* were called "defining sandstones," on account of 



* Ann. Rep. of the Geol. Commission for 1896, Cape Town, 1897, p. 18. 



Digitized by 



Google 



"3 

their giving rise to rather extensive plateaux ; and a finer grained 
kind, which forms thinner beds, "intermediate sandstones,"t 
and has a much less important effect upon the topography of 
the country. The intermediate sandstones where weathered 
are covered with a thin red crust, and the lowest of these was 
taken as the lower limit of the ueaufort Series in the absence of 
fossils. These sandstones extend across the Gouph to the 
Mordenaar's Karroo and Klein Roggeveld. In the Klein Rogge* 
veld the rocks have a somewhat different appearance on the sur- 
face from that presented by them in the Mordenaar's Karroo 
and Gouph, on account of the moister climate in the former 
region ; they resemble more closely, both in their outcrops and 
in the form of surface to which they give rise, the Idutywa 
Beds of the Transkei than their equivalents in the Gouph. 
There is no doubt, however, that the Klein Roggeveld rocks 
belong to the Beaufort Series, for the outcrops were followed 
along the high groimd between the western tributaries of the 
BuffeFs River into the Mordenaar's Karroo, where bones were 
found in them, and from the Mordenaar*s Karroo into the hills 
forming the watershed between the BuffeFs and the Dwyka 
Rivers, which we mapped from the neighbourhood of the Dwyka 
River during our journey through the Gouph. The difference 
between the appearances of the outcrops of these rocks in the 
Klein Roggeveld and the Gouph is due to the lighter colour of 
the weathered surfaces of the sandstones, and the yellow-brown 
weathered surfaces of the mudstones and shales. The "inter- 
mediate sandstones," which in the Gouph weather with a bright 
red surface, are usually dull brown on the outside in the Klein 
Roggeveld, owing to the hydration of the ferric oxide with 
which the exposed surfaces become covered. The "defining 
sandstones" usually present a light grey exterior in the Klein 
Roggeveld, owing to the more or less complete removal of the 
sligrht amount of hydrated oxides of iron, which tinge the same 
rocks in the Gouph and Mordenaar's Karroo with a brownish 
yellow colour. 

A particular variety of sandstone, composed largfely of grains 
of magnetite, is found in the Beaufort Series. The magnetite 
appears to have been deposited in the form it now has, and it is 
not due to the subsequent dehydration of other ores of iron. 
The magnetic sandstone was found in a hill near Knoflock's 
Fontein (Van der ByFs Kraal), in the Gouph, and is there suffi- 
ciently abundant to affect a compass needle held in the hand of a 
man standing on the hill ; it was also seen on the farm Rheebok's 
Fontein (near Dam's Laagte), in the Klein Roggeveld, and at 
other places on the same horizon in that neighbourhood. It is 

t Lm citf p. i8. 
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unusual to find such a large amount of magnetite in a sedimen- 
tary rock ; but on the Transkei coast, where the sand on the 
foreshore is derived in part from dolerites containing much 
magnetite, the grains of that mineral are concentrated in certain 
areas by the action of the waves* The rarity of the mineral in 
sandstones is due to the fact that it usually becomes oxidised 
during or after the disintegration and weathering of the parent 
rock. There must have been some peculiar conditions in force 
during the formation of the magnetic sandstones of the Beau- 
fort Series, perhaps similar circumstances to those which caused 
the preservation of the fresh felspar grains in the sandstones of 
the Karroo System generally. The further discussion of these 
questions must be left until we have a better knowledge of the 
characters and distribution of the sandstones throughout the 
system, and until detailed examinations of the rocks can be made 
in the laboratory. 

In the numerous extensive sections of the Beaufort Series to 
be seen in the great escarpment of the Komsberg and the 
Nieuweveld, the bands of sandstones, both "defining" and 
'* intermediate," are well exposed Each band has a horizontal 
extent of some 300 to 2,000 yards, or even more, but it is seen to 
thin out at either end, and another band of similar rock ap- 
pears at a sHghtly higher or lower level. Without making a 
much more detailed survey than the topographical map at our 
disposal will bear, it is impossible to lay down the extent of 
each band of sandstone, and so to work out the history of its 
development and the direction of the current which deposited it. 

In the Beaufort Series, as in the Ecca, there is abundant evi- 
dence from ripple marks, false-bedding, and the phenomena 
produced by " contemporaneous erosion and deposit," to show 
that the sediments were laid down in shallow water, and that in 
a given area periods of quiet deposition alternated with others, 
during which strong currents prevailed. As an example of con- 
temporaneous erosion and deposit, we may draw attention to one 
of the many excellent sections exposed in the cliffs occasionally 
met with along the Dwyka River. On the left bank of that 
river near the mouth of the Steenkamp's River, a tributary of 
the Dwyka River from the west, there is a section showing two 
sandstone beds lying in hollows eroded in the surface of shales 
and mudstone. The two beds of sandstone are not directly con- 
nected in the plane of section, for a thin lenticular band of shale, 
of precisely the same nature as the shales on which the sand- 
stones rest, lies between the upper surfaces of the latter and a 
thicker, overl)ang bed of sandstone ; but at the two ends of the 
lenticular shale bed, the upper sandstone rests directly upon the 

♦ See Annual Report of the Geological Commission for 1901, p.35. 
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two lower beds of similar rock. These sandstones are markedly 
false-bedded. The shales and mudstones of the Beaufort Series 
are very similar to those in the Ecca, but purple and reddish 
nmdstones are rather more abundant in the former series. 

The curious clay-pellet conglomerates, like those described 
from the Ecca, are found in the Beaufort Series, but those m the 
latter often contain rolled fragments of bone. 

The nodules and thin beds of limestone in the mudstones and 
shales of the Beaufort Series sometimes contain small veins and 
irregularly shaped pipes filled with colourless and pink chalce- 
dony, the origin of which is difficult to explain. In a few speci- 
mens, the abtmdance of the chalcedony and the circular form of 
the pipes in transverse sections, gives the limestone some resem- 
blance to a fine grained amygdaloidal igneous rock. The chalce- 
dony was certainly deposited after the formation of the enclosing 
limestone, but the origin of all the cavities which it fills is not 
obvious ; the veins of chalcedony are not arranged in the way 
that the calcite is in septaria, but irregularly and not in the least 
symmetrically with reference to a central axis. In one specimen 
from Schiet Fontein, under the Komsberg escarpment, the chal- 
cedony has evidently replaced a stem or root with small branches 
diverging from it at intervals, and it is not unlikely that all the 
pipe-like forms had a similar origin. In the neighbourhood of 
Van der Byrs Kraal, pink chalcedony fills up the cavities in the 
cellular tissue of bones of Pareiasaurus or other reptiles of large 
size. The pink chalcedony has not yet been found in the 
sihcified wood which occurs both in the Ecca and Beaufort 
Series, but it appears to differ merely in colour from the form of 
silica which fills up the cells, and replaces the woody tissue, in 
the silicified wood 

These occurrences of the chalcedony evidently point to the 
agency of organic matter in causing the deposition of the silica, 
although the thin veins filled with the chalcedony show that it 
may occur independently of organic matter. The largest lumps 
of chalcedony which we found measured three inches in length, 
and one in diameter ; these must have partially filled rather ir- 
legular cavities in the limestone, for there are frequently spaces 
in the middle of the lumps hned with botryoidal chalcedony. 

Making allowance for the very different conditions of the en- 
closing limestones and of their formation, there is great analogy 
between the mode of occurrence of the chalcedony in the Karroo 
limestone and that of flint in chalk. Flint in chalk is usually 
intimately associated with organic remains, but also partially or 
wholly fills fissures in the enclosing chalk. 

The Beaufort beries has long been famous on account of the 
numerous reptihan remains it has yielded The lower part of the 
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series contains Pareiasaurus, of which there are several species, 
Tapinocephalus and other genera, represented by fragmentary 
bones insufficient for determination. The remains of Pareiasaurus 
were found dunng the survey over a very wide area, extending 
from the neighbourhood of Prince Albert Road Station on the 
south to Groot Fontein imder the Nieuweveld escarpment, and 
from Riet Fontein on the east, to Modder Fontein, m the Mor- 
denaar's Karroo, on the west. In most cases the bones observed 
or collected were merely fragments, which were sufficient to 
prove the occurrence of Pareiasaurus, or in some cases probably 
other reptiles of large size. It was only in those spots that 
would obviously yield a good result that any considerable time 
was spent in excavating. On the farm Hoogeveld, lot A, near 
Van der Byl's Kraal, in the Gouph, we dug out a skeleton of 
Pareiasaurus which was embeaded in mudstone, a rock which 
crumbles up rather readily on exposure to the air, especially 
when placed in the sun and occasionally wetted. This skeleton 
has been examined and described* by Dr. R. Broom, who con- 
siders it to be Pareiasaurus serridens, Owen. As in the case of 
many of the bones from the shales and mudstones of the Gouph, 
some of the bones of this skeleton were partly enveloped in 
limestone, in a way that suggests that the argillaceous matrix 
was locally enriched with carbonate of lime after the bones 
were buried. 

At Groot Fontein, near the foot of the Nieuweveld escarp- 
ment, we obtained several bones belonging to one individual of 
a species oi Pareiasaurus. Most of the bones were lying upon 
the surface, and had evidently been weathered out from the 
shales upon which they lay. On digging under the bones we 
obtained a few more, but the majority of the missing bones had 
either never been deposited at this spot, or had crumbled away 
from long exposure to the weather. Dr. Broom very kindly 
made the following notes upon this specimen : — 

" The bones are those of a species of Pareiasaurus, and ap- 
"parently belong to a single individual. As only two small 
" fragments of the skull are preserved, the basi-occipital, and a 
" small portion of the upper surface of the skull, it is impossible 
" to say with certainty whether the species is new or not. The 
"limb bones show that the individual was apparently smaller 
*' than the described specimens of P. serridens or P. Baini, anri 
" it is highly probable that the remains are those of a different 
" species. P. Russouwi, which has been described from very 
" fragmentary jaw remains, is evidently a small species, and it 

* The description of this specimen will shortly appear in the Palaeontogical 
yolume of the Annals of the South African Museum, 
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''may be that the bones from Groot Fontein belong to this 
" species. 

" The following remains have been recognised : — A number 
" of dorso-lumbar and sacral vertebrae. The vertebrae have the 
"bodies much more constricted than in P, serridens^ and re- 
" semble more those of P. bombidens. Lower half of right 
" scapula, with portion of right clavicle, and the inter clavicle. 
" The scapula differs from that of P. serridens in having a 
" shorter acromion, and as a result, the distance from tho acrom- 
** ion to the edge of the glenoid cavity is greater than in P, ser- 
" ridens (.104 m. as compared with .090 m.). The anterior part 
" of the glenoid cavity is much smaller in this animal than in 
'* P, serridens. 
" The other bones recognised are : — 

"Lower end of left humerus; right ilium and portions of 
'' pubis and ischium ; left acetabulimi ; symphysis of the pubes 
■ and ischia ; left femur, resembling that of P. serridens rather 
than P. Baini, as regards shape and position of the trochanter 
" minor ; it measures .340 m. Head of right femur, and lower 
"end; head of right tibia; head of left fibula, rather stouter 
" than in P. serridens" 

On the farm Buffers Vlei, in the south-western comer of 
Beaufort West, we obtained from a clay-pellet conglomerate 
below a bed of sandstone, an interclavicle, which is of sufiicient 
interest to be recorded in this report. 
Dr. Broom's description of this bone is as follows : — 
" The inter-clavicle is unlike any inter-clavicle that has hitherto 
" oeen described. It is badly weathered, and the edges all 
" round, except at one point, have been broken off. It is a shield 
"like bone about twice as long as broad, moderately convex 
" antero-posteriorly, and very convex transversely. It differs 
" markedly from the inter-clavicle of Pareiasaurus in that the 
" lateral expansions are here not at the anterior end of the bone, 
" but near the union of the anterior and middle thirds. The pos- 
" terior part of the bone is much broader than in Pareiasaurus. 
" As preserved, the bone measures in greatest length .220 m. ; 
"in greatest breadth, .135 m. The average width of the pos- 
' terior part of the bone is .090 m. The described inter-clavicle 
" which most resembles it, is the inter-clavicle of a Pelycosaurian 
" (Embolophorus ?) figured by Case. 

" The inter-clavicle from its size and general characters is most 
"probably that of Titanosuchus." 

On the farm Droo^e Fontein, about seven miles south-east of 
Schoorsteen, on the Dwyka River, in the Prince Albert Division, 
we found a limb bone and five vertebrae, on which Dr. Broom 
made the following notes : — 
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" The limb bone is in two portions, which, though they do 
" not accurately fit, are almost certainly parts of the one bone, 
** with probably very little lost. It differs greatly from any of 
" the bones of Pareiasaurus, but resembles the bone figured as 
" the fibula of Tiianosuchus. It is, however, appreciably smaller. 
"The vertebral centra differ markedly from those of Parei- 
'' asaurus in being much less deeply cupped. One centrum is that 
" of a dorsal vertebra, and shows that the articulation for the rib 
" is much higher than in Pareiasauriis. The other centra are 
** cervical. 

" The remains are almost certainly those of a new fossil rep- 
' tile — ^possibly allied to Tiianosuchus^ 

At Knoflock's Fontein, near Van der ByFs Kraal, we were 
given by Mr. J. P. Snyman a large piece of pale green sandstone 
containing part of the snout of a Tiianosuchus* There is 
great doubt whether this specimen came from Knoflock's Fon- 
tein, as we were informed that a similar specimen had been 
carried to that farm from Klipbank's Fontein,t under the 
western part of the Nieuweveld. The greenish sandstone in 
which this fossil is embedded is very like the "intermediate 
sandstones " found throughout the Beaufort Series, and is no 
guide to the original loccJity of the specimen. 

A bone determined by Dr. Broom to be the lower end of the 
left humerus of a Theriodont, possibly Lycosaurus, was found 
on the farm Paarde Bosch under the Komsberg escarpment. No 
specimens of D icy no don have yet been discovered in this lo- 
cality, and it is therefore not known whether the Theriodont 
bone comes from the Dicynodon Beds or that of Pareiasaurus. 
A large fragment of bone, probably belonging to Pareiasaurus, 
was noticed near Modder Fontein, in the Mordenaar's Karroo, 
on a horizon which is probably some 500 feet below that of the 
Theriodont bone. Up to the present no lithological differences 
have been noticed between the rocks belonging to the Dicyno- 
don and Pareiasaurus Beds. 

The plant remains found in the Beaufort Series belong to the 
same genera as those in the Ecca, or to closely allied forms. 
Glossopieris is widely distributed in the Pareiasaurus Beds. 
The coarse sandstones that occur on Ongeluk's Fontein in the 
Gouph contain large numbers of the leaves of Glossopieris, but 
the coarse texture of the rock is not favourable for the preserva- 
tion of the leaves, which rarely show the venation, only the mid 
rib and faint indications of the venation are visible. Many 

* Or. Broom has vvritten a short description of this specimen, which will be 
published in the Palaeontological volume of the South African Museum Annaln. 

t Klipbank's Fontein is part of the farm Rulle Kraal, on the Divisional map 
of Beaufort West. 
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specimens of the leaves were of considerable size, eight inches 
in length and two inches in width at tne broadest part, but 
there is great variation in the leaves from one and the same 
bed of sandstone in this locality. There are three leaves con- 
nected with one stem or rhizome, but unfortunately this speci- 
men could not be removed from the rock. Impressions of 
Phyllotheca or Calamitcs stems and other indetermined piantsj 
\^ere found in the Ongeluk's Fontein sandstone, and also pieces 
of silicified wood Glossopieris leaves, resemblmg those of 
Ongeluk's Fontein, were found on Doornbosch Fontein, be- 
tween the Dwyka River and the Buff el's River watershed, and 
also near Houdenbek, on the Dwyka River. Phyllotheca or 
Calamites were also found on those two farms, and on Steen- 
kamp's River. Silicified wood occurred on all these farms, and 
was also found on Riet Fontein, Prins Hoek, Groot Fontein, and 
Bulle Kraal, farms which are close under the western part of the 
Nieuweveld escarpment. 

On the boundary between the farms De Hoop and Orange 
Fontein, there is a bed of dark purple shale containing great 
numbers of Glossopieris leaves, which evidently belong to a 
different species from those in the Ongeluk*s Fontein sand- 
stone. The coarse, thick sandstones, which cap the escarpment 
of the ivomsberg above Schiet Fontein, contain numerous im- 
pressions of stem-like fragments of considerable size, but the 
short time we were able to devote to an examination of that 
rock between the edge of the escarpment and Tonteldv)Os Fon- 
tein was insufficient to allow us to collect well-preserved speci- 
mens. The impressions exposed on the surfaces of the massive 
sandstone beds were not good enough for identification. 

The rocks of the Beaufort Series in the Gouph, Mordenaar's 
Karroo and Klein Roggeveld generally have a slight northerly 
or north-north-westerly dip, which is rarely as much as 5^, but 
they often lie flat, and occasional southerly dips are met with.The 
rocks are occasionally thrown into monoclinal folds, which have 
the effect of normal faults with southerly downthrows of from 20 
to 50 feet. The folds run nearly east and west, but in some 
cases, especially in those folds which he near the Komsberg 
escarpment, the direction is as much as 15^ north of west. A 
good example of a monoclinal fold can be seen for some 30 
miles under the Komsberg escarpment ; it is exposed in the hi'ls 
projecting southwards from the escarpment and traverses the 
farms Bushman's Hoek, Van Wyk's Kraal, Schiet Fontein, Bot- 
man's Hoek, Taaibosch Kraal, Sterboom Hoek, and Modder 
Fontein. This fold is rather longer than any other one of the 
same nature in the district surveyed Only one of these mono- 
clinal folds was observed with a northerly downthrow. The 
effect of the whole series of folds between the Komsberg and the 
southern limit of this t)^ of fold in the Karroo has been to let 
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down the rocks some 500 or 600 feet, near the southern limit, if 
the downthrows of all the folds are taken into consideration. 

The lower part of the Beaufort Series in this district is not so 
conveniently exposed for measurement as the upper portion 
seen in the Nieuweveld escarpment The sandstones, shales axid 
mudstones of the part below the horizon of Groot Tafel Berg's 
Fontein are probably some 1,500 feet thick, and the general na- 
ture of the succession is much the same as in the section from 
Tafel Berg given below, with the addition of more clay-pellet 
conglomerates. A section through the upper part of the Beau- 
fort Beds visible m the area we are concerned with, measured on 
the eastern side of the Tafel Berg, which is situated near the 
boundary between the Beaufort West and Fraserburg Divisions, 
west of the Thee Kloof road, gave the following result : — 

Dolerite, forming top of the mountain 425 feet 

Hardened shale 5 „ 

Dolerite, an ofF-shoot f rem top sheet 20 „ 

Hardened shales and thin sandstones 1 80 „ 

Thick, platy sandstones 30 „ 

Shales, mudstones, and thin sandstones 202 „ 

Grey-weathering sandstone 8 „ 

Shales, mudstones, and thin sandstones 290 „ 

Yellow-weathering sandstone 10 „ 

Shales, green and purple 180 „ 

Blue sandstones 20 „ 

Grey, green, and purple shales 200 „ 

Yellow sandstones 30 „ 

Shales and thin sandstones 220 „ 

YeDow sandstone, with clay-pellet conglomerate 

below 10 „ 

Sandstone 20 „ 

Shales, with thin sandstones 220 „ 

Shales 10 „ 

Yellow sandstones 20 „ 

Shales, and thin sandstones 230 „ 

Yellow sandstone 10 „ 

Shales, with many limestone nodules 148 „ 

Sandstone 2 „ 

Shales, 50 ., 

Platy, red-weathering sandstones 10 „ 

Yellow and purple shales 90 „ 

Yellow sandstones 10 „ 

Green and purple shales 140 „ 

Sandstone 10 ,. 

Purple shales 80 „ 



2,880 feet. 
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This section, measured from the level of the farm-liouse on 
Groot Tafel Berg's Fontein, will, serve as an example of the 
nature of the rocks and their succession. If a section had been 
measured on the western face of the mountain the positions 
of the bands of sandstone would in some cases have been differ- 
ent; and a section on the escarpment of the Nieuweveld at 
Matjes Kloof, some five miles east of Tafel Berg, bears only a 
general resemblance to the one given. 

The greater part, if not the whole, of the beds detailed in the 
Tafel Berg section belong to the Dicynodon Beds, but it is 
possible that the upper part of the Pareiasaurus Beds are in- 
cluded in the lower part of the section. The horizon on 
which Pareiasaurus was found on Groot Fontein is some dis- 
tance below the base of the section, for the beds, although very 
nearly flat, seem to have a general dip of one or two degrees 
towards the north-north-west in this neighbourhood. Some 
time after we had left Groot Tafel Berg's we met a farmer, Mr. 
Mocke, living at Riet Fontein, who had accompanied the late 
Mr. T. Bain when the latter made a large collection of skulls 
from a krantz on Hoedemaker's Kraal. This locality is doubt- 
less the place where the specimens came from, which, in the 
British Museum Catalogue*, are Scdd to have been obtained from 
" the Beaufort Beds on the flanks of the Nieuweveld range." 
The krantz on Hoedemaker's Kraal is on about the horizon of 
the upper 200 or 300 feet of sedimentary rock in the Tafel Bci^ 
section. 



THE DOLERITES OF THE WESTERN 
NIEUWEVELD. 

In the first Annual Report of the Geological Commission for 
1896 there is a description of the dolerite sheets and dykes oc- 
curring on the edge of the eastern portion of the Nieuweveld, 
and in the cotmtry immediately below. In the map accompany- 
ing the Report the distribution of these was laid down with as 
great a degree of accuracy as the topography on the Divisional 
Map allowed. In the present Report we have to deal with the 
igneous intrusions to the west of those described in 1896. 

The dolerite occurs in the angle between the Nieuweveld and 
the Gouph Mountains; on the north, on top of the mountains, 



• Catalogue of the Fossil Keptilia and Amphibia in the British Museum 
(Natural History), by R. Lydekker, Part iv., London, 1895. The localities of 
many specimens of the Dicynodontidae are given in these or similar words. 
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there is the Fraserburg Division ; and on the west, beyond the 
Dwyka River, there is the Sutherland Division. We confined 
our survey to the Beaufort Division, principally on account of 
the badness of the roads over the boundary, and as the dykes 
and sheets pass outside the area surveyed, the present account 
must necessarily be very incomplete. These dolerite intrusions 
are the most extended geological formation in the whole of 
South Africa, stretching with little variation in composition from 
sea to sea in the neighbourhood of latitude 32° S. Further ac- 
counts of them will be found in the Reports for 1899, Appendix 
III. ; 1900, Appendices II., III., and IV. ; and 1901, Apoendices 

II. and III. 

On the main road from Fraserburg Road to the village of 
Fraserburg, the first considerable hill is called Rooi Hoogte, 
from a great mass of dolerite which occurs here and weathers 
red This is part of the inclined sheet called No. 4 in the 1896 
Report. The dolerite forms an irregular sill, inclined at about 
10° to the north. Along the banks of the Koekemoer's Rive*, 
fine sections of the rock resting on sedimentary beds of tiic 
Beaufort Series may be seen. The dolerite is jointed, so that at 
places great vertical columns, from 80 to 100 feet high, have 
weathered out, and the imderlying shales are seen to be baked 
and hardened at the contact. The upper limit, however, is not 
exposed in section, and it is therefore impossible to estimate the 
thickness of the sheet. The surface of the ground on top of the 
dolerite is thickly strewn with large rounded boulders of that 
rock, so that it is almost impossible to find a flat place to put 
one's foot down ; in the interstices there are tufts of rich grass, 
a welcome change from the small bush of the Karroo immediately 
to the south, but the disadvantage of the ground is seen in the 
many lamed members of the flocks of sheep and goats that pas- 
ture on this veld. 

The main road passes along the Koekemoer's River north- 
wards, and the country beside it is described in the 
Reports for 1896, Appendix III., and 1900, Appendix 

III. On descending northward from Rooi Hoogte, there 
is a road turning sharply to the left, which leads 
into a basin shut in on all sides by dolerite ; on the 
north, by the escarpment of the Nieuweveld, capped with the 
sheet called No. 3 in the 1 896 Report ; and on the south, by sheet 
No. 4. To the north of the road is seen a hill capped with 
dolerite, which in the i8g6 Report was shown to be an off^shoot 
of the sheet No. 4, and on the south is the Rooi Hoogte sheet, 
No. 4 proper. Passing the low hill, one enters an extensive flat 
country, sloping up to the escarpment of the Nieuweveld. On 
the summit of the mountains there are several detached caps of 
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dolerite, from 400 to 600 feet thick ; some of them are roughly 
columnar, and give to the mountain the appearance of being 
surmounted by a gigantic palisade. As far as we could make 
out, there are five caps, but it is very difficult to get an accurate 
idea of them, as there is no commanding position from which 
they can be surveyed. The streams have cut back so far into 
the edge of the escarpment that from below there appear to be 
many more detached caps than there actually are ; it is only on 
ascending each separate mountain peak that one can see whether 
there is a bridge of igneous rock between it and the next. The 
westernmost cap overlooks the farms Mugge Fontein and Groot 
Tafel Berg's Fontein. The southern boundary of the dolerite 
here is cut into three peaks, but owing to the north-easterly dip 
of the sheet, streams that flow to tlie north-east, though their 
heads lie actually in the underlying shales, do not cut down 
through the dolerite for some considerable distance. The top 
of the cap forms an extensive plateau, covered with immense 
blocks of dolerite, and nourishes a vegetation which is particu- 
larly adapted for horses. From the most northern of the three 
peaks a very extensive view can be obtained, the village of 
Prince Albert on the south and the hills about Williston on the 
north being within sight, a distance of 145 miles ; a signalling 
station between the two places was established here during the 
war. 

To the north-west of this cap the ground is deeply cut into by 
the stream running down Thee Kloof, and here there are no 
further extensions of the sheet in this direction, at least, such as 
could be recognised from afar; but in the Fraserburg Division 
there may be detached dolerite sills which originally belonged 
tc this one. To the west, there are the remarkable hills called 
Tafel Berg and Spits Kop, that form such conspicuous features 
m the landscape from the railway ; they stand out clearly on the 
north-west of Prince Albert and Fraserburg Road Stations. 
Both are capped with dolerite, but that on Spits Kop is a meie 
remnant. Tafel Berg, however, has a considerable mass stili 
remaining. It forms a vertical cliff to the south and east, but 
is more accessible on the west and north. On the east, there is 
an mchned rift running diagonally across the face of the wall of 
dolerite, and this forms a passage by means of which the top 
can be reached from this side. Here the main dolerite is seen 
to be underlain by baked shale, and a thin sheet, 20 feet thick, 
runs parallel to the main one, but separated by about 5 feet of 
shale. The dolerite of the main sheet is roughly columnar, each 
column being some 20 feet in diameter. At the south end the 
columns are continuous from top to bottom, and are 400 feet 
high by aeneroid measurement ; but the entire thickness of the 
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sheet, measured from the highest point to the bottom of the 
main sheet, is 450 feet. Considering the amount that must have 
been removed by weathering, the sheet originally was probably 
thicker by at least a third, that is to say, 6oD feet 

Along the Thee Kloof road, between the bottom of the pass 
and the farm on top, there are several dykes running a little 
north of east. The first lies along the boundary between the 
Beaufort West and Fraserburg Divisions. It is inclined about 
30° to the north, and has baked and hardened the rocks on 
either side. It rises to within a couple of hundred feet of the 
height of the great dolerite sheet No. 3, and it is just possible 
that it may be an inclined portion of that sheet. About a mile 
north of this there is an exactly similar dyke ; the Thee Kloof 
stream has cut down across both, but the hill-slopes, which other- 
wise would have afforded excellent sections, are covered with 
fallen blocks, which hide the rocks beneath. To the west, near 
HoedemaJker's Kraal, there is a similar stream coming from the 
north, which has cut through the southern of the two dykes, but 
has not yet made an impression on the northern. Except for 
these two "poorts," the dykes form a high barrier across the 
drainage, and the streams in their neighbourhood have to flow 
parallel to them. 

West of Hoedemaker's Kraal there is a thick dyke of dolerite 
running north and south, and inclined 70^ to the west It rises 
on either side of the Hoedemaker's stream to the height of the 
plateau on top of the Nieuweveld, but on the west of it there is a 
large basin, cut into by the stream, exposing on the very steep 
hill-sides the peculiar light blue weathered shale of the higher 
Beaufort Beds. Two small sheets are exposed in the hollow, 
lying nearly horizontally. One is cut across by the north and 
south dyke, and a small dislocation is noticeable on either side 
of the great dyke, the sheet on the eastern side being slightly 
higher than that on the west. The west side of the hollow is 
bordered by hills rising above the general plateau, and behind 
them there is dolerite, but whether a portion of the Thee Kloof 
dyke, or an independent one, we were imable to make out ; it 
lies in the Fraserburg Division. 

Turning now to the Rooi Hoogte sheet : this was described in 
the 1896 Report as extending westwards from the furthest point 
reached in a series of ridges, with the scarped faces pointing 
south. This feature was found to be much more pronounced in 
the district recently surveyed than near Jackal's Fontein, where 
the work stopped in 1896. 

The main sheet was found to divide near Rooi Hoogte into 
three portions. The highest, or most northerly one, soon dis- 
appeared on Paal Leegte. The middle portion rises as it goes 
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westwards, and is exposed over an area of some 150 square 
miles along the course of the Tafel Berg's River. It rises to the 
plateau on which the Tafel Berg and Spits Kop rest, and con- 
tinues westwards as a crowning sheet to the western portion of 
the Nieuweveld, as far back as Overse Fontein and Bank's 
Gaten, at the end of the district. The outcrop of the lowest, or 
most southerly portion, runs a little south of west, forming a 
dyke-like body, inclined some 30° to the north; but in the 
neighbourhood of the head waters of the Dwyka River it again 
splits up into several portions at different levels, and the out- 
crops of the various offshoots form an intricate series of loops 
around the hills on BuUe Kraal, Bank's Gaten, Riet Vlei, Drie 
Fontein, Rooi Berg, and Eland's Fontein. South of this last 
portion of sheet No. 4 there is no dolerite 

The most instructive section of this sheet is exposed along the 
Thee Kloof Road One encounters it first on Kaffir's Kraal 
Hoek. Here there is a moderately thin sheet of dolerite, cut- 
ting across the horizontally bedded Beaufort Beds at an angle of 
20^. This is the most southern portion, and it is seen extending 
to the east and to the west in the form of a low escarpment ; 
north of this, to the east, there is a detached portion, apparently 
unconnected now with any portion of the sheet. To the west, 
there is a much larger detached mass of dolerite, forming a sheet 
capping a plateau, and rising to considerable heights in a series 
of small peaks. On following this particular portion west- 
wards, it is seen to form the top of an extensive plateau on the 
farm Mechau's Request.* 

The sheet has been extensively cut into by the streams on 
Mechau's Request, which have exposed the underlying beds 
along the sides of the channels ; while on the west side, the sheet 
caps a small escarpment, facing the farms Groot Fontein and 
Prins Hoek. 

Following the Thee Kloof Road northward, one enters a ter- 
ribly rough country, formed by the weathering dolerite. The 
surface of the country is cumbered with great blocks of the 
rock, and the only flat place in sight is that of the road, which 
has been cut at enormous expense in the sheet along the sides 
of the rivers. To the east, the dolerite is seen to run out into 
several tongues, the dolerite in them being inclined gently to the 
north, with the south sides scarped. Three great tongues of this 
sort occur, besides the many-wrinkled one which runs east, past 
Jackal's Fontein to Rooi Hoogte. On the west, the sheet rises 

* " Request " farms are those originally occupied by the Boers before the , 

country was portioned out into farms. On occupying the ground, the settler ^ 

sent in a request to the Landdrost for a title-deed, vvhich was granted subject to 
a small perpetual quitrent. 
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towards Tafel Berg, forming a slightly sloping plain of incredible 
roughness ; rounded blocks of the size of cncket balls strew the 
spaces between the larger blocks of weathered dolerite, and the 
only vegetation is in the form of tufts of grass, and sparse, 
small bushes. Two outhers of shale and sandstone of the 
Beaufort Series rest on this plain of dolerite, one on Mugge 
Fontem and uie other on Riet Fontein. At Mugge Fontein 
the road finally leaves the dolerite sheet, and the latter can be seen 
dipping under the horizontal strata along the banks of the Tafel 
Berg's River. 

Approaching the sheet from Groot Fontein on the east, one 
has the scarped hills on the boundary of Mechau's Request, 
which are capped by this sheet. Further north, one enters a 
narrow kloof, shut in by the two portions of the sheet, that on 
the west being considerably higher than the Mechau's Request 
portion. At Riet Fontein, one is right under the great krantz 
that the sheet forms on the top of the plateau. The farmer 
here pomted out the curious phenomenon of a patch of poisonous 
veld growing on a talus slope high up under the dolerite krantz. 
The poison veld owes its peculicu* property in all probability to a 
certain bush which grows on it, but it is hard to see what condi- 
tions limit it to such small areas. The soil of this particular 
patch is derived from the wash from' the dolerite, but at Dwars in 
de Weg, where another small patcli occurs, and where we actually 
saw a number of fine, healthy oxen die from grazing but a short 
while on the veld, there is no dolerite * within a radius of fifty 
miles. A legend has got abroad that the poison is due to the 
copper in the rocks on which the bushes grow, but this is not 
the case, nor would the small amount of copper thus assimilated 
by the plants be at all deleterious. 

Following the dolerite sheet from Riet Fontein, it forms the 
crest of the plateau, which forms a promontory jutting out south- 
wards into the farm Prins Hoek. The outcrop then passes 
north to the Fraserburg-Beaufort West boimdary, and follows 
this all along on the top of the escarpment of the Nieuweveld, as 
far as Bank's Gaten. 

SUPERFICIAL DEPOSITS. 



The superficial deposits which come into the area dealt with 

in this report are of small importance compared with those south 

of the Langebergen. No patches of surface quartzite, such as 

, occur widely in the coastal belt between the Cape Peninsula and 

Graham's Town, have yet been met with in the Great Karroo. 
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South of Laingsburg there is an area of very coarse gravel, con- 
taining boulders three feet in length, resting upon a terrace cut 
into the folded beds of the Witteberg and Dwyka Series. This 
gravel hes some 300 feet above the level of the Witteberg River 
and other local streams. In its mode of occurrence ana posi- 
tion, it resembles the coarse gravels not unlike those which have 
a*: places a quartzitic matrix, and are found on the north side of 
the Langebergen. The high-level gravels found south of 
Laingsburg must have been deposited at a time when the level 
of the Buffers River bed at the great poort thr(:tugh the Klein 
Zwartberg was some 300 feet higher than ii is to-day ; and it is 
probable that the terrace on which they lie was formed during a 
time of comparative inactivity of the downward erosive powers 
of the Buffers River, for the rocks which have been cut flat are 
very resistant ones, and at the present time the grade of the 
tributaries of the Buffel's River is too great to allow of any ap- 
preciable wandering of the streams from their direct courses. It is 
very probable that a better knowledge of the widespread rem- 
nants of the gravel-covered plateaux south and north of th* 
Langebergen, and of the gravel- covered terraces cut in the flanks 
of those ranges, will enable us to draw some definite conclusions 
as to the existence of a general period of downward activity of 
the rivers in the south of the Colony at a recent date, geologi- 
cally speaking. The cause of such a period might be found in 
the approach to base-level of the main rivers of the coimtry ; 
and a subsequent rise in level of the land has renewed the down- 
ward cutting powers of the rivers. 

Throughout the Great Karroo, deposits of white Lufaceous 
limestone are often met with. They have already been men- 
tioned on page 10 1, in connection with the breccias in the kloots 
of the Nieuweveld escarpment. In the Gouph and Mordenaar's 
Karroo, the limestone is most frequently found in the rivers, for 
the reason that springs are more frequent along river beds than 
elsewhere, but there is much of the limestone in other places 
also. A deposit of the calcareous tufa is usually regarded by 
the farmers as a sign of the existence of a spring underneath, 
and an opening is made in the ground to allow the water to 
escape, frequently with a successful result. The calcareous 
matter is certainly deposited from spring water as a general 
rule, and this portion of the carbonate of lime is probably de- 
rived from the limestone, which we have described as rather 
abundant in the Beaufort and Ecca Series ; as this carbonate of 
lime is in the form of calcite in the rocks, the water percolating 
through them merely dissolves it, and redeposits it on evapora- 
tion at the surface. Where dolerite occurs abundantly, it must 
be a great source of carbonate of lime, for oxide of calcium 
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constitutes about lo per cent by weight of that rock, chiefly in 
combinaticxi with silica and alumina in the plagioclase felspars. 
On exposed surfaces of dolerite the plagioclase is dull white in 
colour, owing to its decomposition, another result of which is 
the solution of the lime, and its combination with the carbonic 
acid of the air or atmospheric water to form calcium carbonate ; 
the carbonate of Hme thus derived is held in solution until the 
water evaporates and deposits the lime. When one considers 
the enormous amount of dolerite which must formerly have 
existed between the present edge of the Nieuweveld escarp- 
ment and the position of the southernmost outcrop of the dolente 
sheets which run from Beaufort West through Rooi Hoogtc 
and Groot Fontein, to Bank's Gaten, it is obvious that the i 
per cent, of calcium oxide (capable of forming twice its weight of 
carbonate of lime) contained in it must have produced a very 
large quantity of the carbonate during the slow destruction of 
the dolerite. It must be admitted, however, that the lime-con- 
taining minerals of the dolerite are probably not entirely decom- 
posed, but are partly carried down by the rivers in the form of 
more or less altered g^ns. During the survey, notes were 
made of the occurrence of boulders and pebbles of dolerite in the 
Dwyka River, below the southernmost dolerite sheets, and recog- 
nisable fragments of that rock were found some 20 miles below 
the outcrops. Below that point, no doubt a careful examination 
of the sand in the river would reveal grains of minerals derived 
from the dolerite ; but it is very probable that the quantity of 
lime-containing minerals carried down unaltered is very minute 
in proportion to the weight of the decomposed minerals. 

Reference has been made to the breccias in the steep kloofs 
of the Nieuweveld, and there is no need to deal further with 
these accumulations as part of the superficial deposits. In the 
lower parts of the Karroo, the alluvium deposited by the rivers 
is widespread, and forms by far the most valuable portions of 
the country ; in some places the alluvium may be as much as 20 
feet thick. It forms a light soil, remarkably fertile under irriga- 
tion. 
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